1 

1 

VALE 

■ 

fiRiSl 

H 

Is^^il 

medi6\lTJ#rary 

Gift  of 

:' 

MRS.   JOSEPH  HART,   JR* 

1 

■■^■■^M 

H                                                Sri* 

H 

I 

■ 

;T    1    ■ 

H 

1  ■   H 

i 

Af 


A 


m  \  X: 


p-!>,  I  * 


t« 


tfV'. 


h? 


*4. 


ilrlMO 


JjictZaJ-AsO 


Digitized  by  the  Internet  Archive 

in  2012  with  funding  from 

Open  Knowledge  Commons  and  Yale  University,  Cushing/Whitney  Medical  Library 


http://archive.org/details/visionitsopticalOOfenn 


VISION: 


ITS 

OPTICAL    DEFECTS, 

AND  THE 

ADAPTATION    OF    SPECTACLES. 


FIGURE   OF   THE   EYE.     (After  Helmholtz.) 


1°,  B,  Aqueous  humor  in  the  anterior  j 

chamber  of  the  eye. 
2°,  A,  the  crystalline  lens. 
3°,  C,  the  vitreous  body. 
?',  the  retina. 
e,  the  zonula  zinnii. 
g,  the  choroid. 
A,  the  ciliary  body. 


b,  the  iris. 
d,  the  optic  nerve. 
a,  Schlemm's  canal. 
p,  the  fovea  centralis. 
k,  the  capsule  of  lens. 
ffy  the  epithelium  of  cornea. 
m,  n,  the  insertion  of  muscles  in  the 
sclerotica. 


VISION: 


ITS 


OPTICAL  DEFECTS, 


AND  THE 

ADAPTATION  OF  SPECTACLES. 

EMBRACING 

First.  Physical  Optics.      Second.  Physiological  Optics. 

Third.  Errors  of  Refraction  and  Defects 

of  Accommodation,  or  Optical 

Defects  of  the  Eye. 

WITH 

SEVENTY-FOUR  ILLUSTRATIONS  ON  WOOD, 

AND 

SELECTIONS  FROM  THE  TEST-TYPES 
OF  JAEGER  AND  SNELLEN. 

BY 

C.  S.  FENNER,  M.D., 


PHILADELPHIA: 

LINDSAY    &    B  LA  K  1ST  ON, 

1875. 


Entered,  according  to  Act  of  Congress,  in  the  year  1875,  by 

C.  S.  FEXXER,  M.D., 

in  the  Office  of  the  Librarian  of  Congress  at  Washington. 


^5F 


CAXTON  PRKSS  OF  SHKRM*\  k  CO. 


TO 

DR.    E.    WILLIAMS, 

OF  CINCINNATI, 

AND 

DR.   GEORGE  STRAIVBRIDGE, 

OF  PHII  ADELPHIA, 

As  an  expression  of  high   appreciation  of  their  eminent  ability   ami 

learning  in  this   Department  of  Science,  and    in    grateful 

acknowledgment  of  many  favors, 

THIS  WORK 


||e$pedfitHrj  jfitstribcrf 


BY  THE  AUTHOR. 


PREFACE, 


IN  preparing  this  work  for  the  press,  the  endeavor  has 
been  made  to  give,  in  a  concise  and  popular,  yet  com- 
prehensive form,  a  resume  of  our  present  knowledge  of 
Physiological  Optics  and  of  the  defects  of  the  eye  as  an 
optical  instrument.  The  views  herein  presented  to  the 
reader  are  believed  to  be,  in  general,  strictly  in  accordance 
with  Science  as  it  is  now  known. 

A  brief  elementary  treatise  on  Physical  Optics  has  been 
prefixed,  as  a  knowledge  of  this  subject  is  necessary  in  order 
to  understand  the  explanations  of  many  phenomena  con- 
nected with  the  functions  of  vision. 

The  manuscript  was  commenced  during  the  past  summer; 
but,  owing  to  an  affection  of  my  eyes, —  retinal  hemorrhage, 
—  which  came  on  suddenly  before  the  writing  of  Part  First 
was  finished,  the  work  is  not  as  complete  as  was  intended. 
Having  since  that  time  been  unable  to  make  much  use  of  my 
eyes  in  reading  or  writing,  I  was  compelled  to  complete  the 
manuscript  by  dictating  to  an  amanuensis,  and  to  have  my 
thoughts  recorded,  chiefly,  as  they  were  previously  arranged 
in  my  mind,  or  from  notes  before  taken,  but  without  regard 
to  order,  not  being  able  to  refresh  my  memory,  as  the  book 
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progressed,  by  more  recent  reading  of  authorities.  I,  how- 
ever, hope  the  volume  is  sufficiently  comprehensive  to  give 
much  useful  information  to  the  student,  the  physician,  and 
to  those  of  the  general  public  who  desire  to  obtain  an  insight 
into  this  department  of  science. 

I  have  been  unable  to  read  the  proof-sheets  carefully,  and 
for  their  correction  am  indebted  to  Dr.  Thomas  E.  Jenkins 
for  the  first  part  of  the  work,  and  for  the  other  parts  to 
Dr.  H.  Ruschhaupt  and  W.  S.  Macrae,  Esq. 

The  drawings  on  wood  for  the  engravings  were  supervised 
by  Mr.  Samuel  L.  Fox,  of  Philadelphia. 

To  all  of  those  gentlemen,  who  have  so  kindly  lent  me 
their  assistance,  I  tender  my  sincere  thanks. 

G.  S.  Fenner. 
Louisville,  Ky.,  July  i,  1875. 
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A 

TREATISE  ON  VISION 


PART   I. 
PHYSICAL  OPTICS. 


LIGHT. 


IN  order  to  comprehend  the  theory  of  vision,  and  to  be 
able  to  investigate  the  various  phenomena  connected 
with  the  perceptions  furnished  by  the  sense  of  sight,  it  is 
first  necessary  to  understand  the  nature  and  properties  of 
light  and  its  physical  laws,  that  is,  laws  that  exist  indepen- 
dently of  the  human  eye. 

According  to  the  now  almost  universally  adopted  theory, 
all  space  and  the  interstices  of  all  material  bodies  are  filled 
by  a  perfectly  elastic  medium  of  inconceivable  tenuity, 
which,  for  want  of  a  better  name,  is  called  ether.  Luminous 
bodies  have  the  power  of  incessantly  imparting  to  this 
elastic  medium  vibrations,  which  move  in  undulations  or 
waves.  The  refractive  media  of  the  eye  collect  and  concen- 
trate these  waves,  and  throw  them  on  the  retina ;  the  im- 
pulses falling  on  the  delicate  perceptive  nervous  elements  — 
the  rods  and  the  cones  —  produce  impressions,  which  are 
conveyed  by  the  optic  nerve  to  the  brain,  where  a  sensation 
of  light  is  felt.  These  undulations  of  the  elastic  ether  are 
not  light,  but  they  are  the  motions  of  matter  that  cause  the 
sensation  of  light.  The  needle  that  pricks  the  finger  is  not 
the  pain,  but  it  is  the  motion  of  the  steel,  coming  in  contact 
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with  a  sensitive  nerve,  that  causes  the  sensation  of  pain. 
Light,  then,  being  but  a  sensation,  it  follows  that  if  there 
were  no  nerves  having  the  special  sense  of  sight,  there  would 
be  no  light.  It  is  not  the  vibrations  of  the  elastic  ether,  set 
in  motion  by  an  illuminating  body,  that  alone  are  capable 
of  causing  the  sensation  of  light.  It  can  be  produced  by  a 
blow  on  the  eye,  by  pressure  of  the  finger,  by  the  weakest 
electrical  current,  by  increased  pressure  of  the  blood,  by 
intoxicating  or  narcotic  drugs ;  even  the  irritation  of  the 
stump  of  the  optic  nerve,  after  the  eye  has  been  removed, 
is  capable  of  producing  similar  subjective  effects,  and  per- 
sons unacquainted  with  the  causes  of  these  phenomena,  after 
the  enucleation  of  both  eyes,  often  suppose  that  they  see 
real  beams  of  objective  rays.  Undulations  of  elastic  ether 
that  enter  the  eye  may  be  either  direct  or  reflected ;  in  the 
former  case,  the  waves  pass  straight  from  the  independent 
source  of  illumination  —  as  the  sun,  a  fixed  star,  a  lighted 
candle,  etc.  —  to  the  eye,  which  experiences  a  luminous  sen- 
sation, varying  according  to  the  intensity  of  the  illumi- 
nating rays.  In  the  latter  case,  the  direct  waves  first  impinge 
on  other  bodies,  illuminating  them,  and  are  then  scattered 
or  irregularly  reflected  ;  some  of  these  scattered  waves,  from 
each  point  of  the  object,  enter  the  eye  and  are  united  in  a 
point  by  the  refractive  media,  just  on  a  sensitive  nervous 
filament  of  the  retina.  Those  points  of  a  visible  object  that 
send  the  greatest  number  of  waves  to  the  eye,  produce 
the  strongest  impressions  on  the  nerve  upon  which  they 
fall ;  those  that  send  the  fewest  cause  the  weakest  sensation, 
while  intermediate  points  produce  sensations  proportionate 
to  the  number  of  waves  each  respectively  sends  into  the  eye. 
There  is  an  image,  in  lights  and  shades,  of  the  object  seen,  and 
each  nerve  filament  —  a  rod  or  cone  —  communicates  to  the 
brain  the  impression  made  on  it;  the  latter  takes  cognizance 
of  every  separate  sensation  caused  by  the  impression  made 
on  each  nerve  filament,  arranges  and  unites  them  all  so  as 
to  interpret  their  combined  effect,  and  then,  by  projection 
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outward,  the  sensorium  is  enabled  to  perceive  the  existence, 
form,  and  position  of  objects  situated  in  space. 

Definitions  —  Movement  of  Light. 

A  ray  is  the  smallest  visible  line  of  light. 

A  beam  is  a  collection  or  bundle  of  parallel  rays. 

A  pencil  is  a  collection  of  converging  or  diverging  rays. 

Homocentric  light  is  a  beam  or  pencil  arranged  around  a 
common  central  ray. 

Light  —  or,  strictly  speaking,  waves  of  ether  —  moves  in 
straight  lines.  Rays  emanating  from  an  illuminating  or  an 
illuminated  point  always  diverge  ;  in  nature  there  are  no 
converging  rays,  neither  are  there  any  absolutely  parallel, 
but  those  proceeding  from  bodies  infinitely  remote,  as  the 
fixed  stars  are  so  nearly  so  that  the  difference  can  only 
be  mathematically  expressed.  To  render  diverging  rays 
parallel  or  converging,  they  must  be  bent  by  a  refracting  or 
reflecting  surface.  As  an  illustration  of  the  correctness  of 
the  assertion  that  light  travels  in  straight  lines,  and  that 
every  visible  point  of  an  object  throws  off  or  scatters  rays 
in  every  direction,  the  formations  of  inverted  images  of 
objects  from  light  passing  through  a  minute  hole  in  the 
window-shutter  of  a  darkened  room,  and  falling  on  a  screen, 
is  an  example.  Every  visible  point  of  the  object,  as,  for 
example,  of  a  house,  sends  a  ray  through  the  perforation 
which  falls  on  the  screen ;  an  inverted  image  is  formed, 
which  is  an  exact  inverted  representation  in  form  and 
color  of  the  object,  each  point  in  the  former  exactly  corre- 
sponding in  position  to  a  similar  one  in  the  latter.  The 
image  is  inverted  because  the  rays  cross  each  other  at  the 
perforation  that  admits  the  light. 

Transparency  and  Opacity. 

Bodies  are  said  to  be  transparent  when  they  transmit  light 
freely,  so  that  objects  can  be  distinctly  seen  through  them, 
as  air,  glass,  crystals,  etc.     They  are  opaque  when  light  does 
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not  pass  through  them.  Objects  that  break  up  the  rays,  but 
transmit  a  diffuse,  softened  light,  as  porcelain,  ground-  or 
milk-glass,  etc.,  are  translucent.  They  do  not  allow  the 
details  of  the  image  to  be  seen  through  them,  but  only  the 
shade  of  its  outlines.  No  substance  is  perfectly  transparent ; 
all  absorb  or  quench  a  part  of  the  rays,  while  others  are 
reflected  or  scattered.  If  an  object  should  be  perfectly 
transparent,  it  would  not  be  visible,  because  there  would  be 
no  scattered  rays  to  pass  into  the  eye.  Newton  estimated 
that  horizontal  -sunbeams  passing  through  two  hundred  miles 
of  atmospheric  air,  possess  only  two  one-thousandth  parts 
of  their  original  intensity.  The  most  transparent  glass 
quenches  or  scatters  about  one-twelfth  of  the  rays  impinging 
on  it,  and  it  is  the  scattered  part  of  these  that  enables  us  to 
see  the  glass.  Even  the  refractive  media  of  the  eye  are  not 
perfectly  transparent.  Neither  are  there  objects  perfectly 
opaque ;  the  densest  of  metals,  as  gold,  when  beaten  very 
thin,  transmits  a  greenish  light,  and,  if  alloyed  with  silver,  a 
purplish  light. 

Shadows. 

Opaque  bodies  interposed  between  a  source  of  light  and 
a  back  ground,  cast  shadows  on  the  latter.  In  conse- 
quence of  the  rectilinear  motion  of  light,  the  form  of  the 
shadow  will  correspond  to  the  outlines  of  the  object,  but  its 
size  will  vary  according  to  the  distance  of  the  object  from 
the  light,  or  of  the  screen  from  the  object.  That  the  edges 
of  a  shadow  may  be  sharply  defined,  the  light  must  come 
from  a  point ;  if  it  proceeds  from  a  luminous  surface,  the 
borders  of  the  perfect  shadow  are  surrounded  by  an  imper- 
fect shadow,  called  a  penumbra.  This  can  readily  be  shown 
by  a  lamp  having  a  flat  wick  so  as  to  make  a  broad,  thin 
flame.  If  the  broad  surface  of  the  flame  be  turned  towards 
a  screen  of  white  paper,  held  two  or  three  feet  distant,  and 
a  small  body,  as,  for  example,  a  knife-blade,  a  pen-handle, 
or  a  knitting-needle,  be  interposed,  the  real  shadow  will  be 
seen  surrounded  by  the  penumbra ;  if  the  edge  of  the  flame 
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be  turned  towards  the  screen,  the  shadow  of  the  object  will 
have  its  edges  perfectly  defined. 

Law  of  Diminution  of  Light  by  Distance. 

The  intensity  of  illumination  produced  by  rays  diverging 
from  a  luminous  point,  diminishes  or  is  enfeebled  in  pro- 
portion to  the  square  of  the  distance.  A  screen  one  foot 
square,  at  one  foot  from  a  lighted  candle,  receives  a  certain 
number  of  rays,  and  is  illuminated  accordingly.  A  screen 
two  feet  square,  at  two  feet  distance,  receives  the  same  num- 
ber of  rays,  but  they  are  spread  over  four  times  the  surface ; 
consequently,  each  point  on  the  second  screen  receives  but 
one-fourth  as  many  rays  as  a  point  on  the  first.  So  a  screen 
nine  feet  square,  at  the  distance  of  three  feet,  receives  the 
same  number  of  rays  as  the  smaller  one  at  one  foot  from  the 
candle,  but  they  are  spread  out  or  thinned  so  as  to  cover 
nine  square  feet;  hence,  the  intensity  of  the  illumination  of 
the  former  is  but  one-ninth  that  of  the  latter.  This  is  illus- 
trated in  Fig.  i.  A  represents  the  flame  of  a  candle;  I, 
2,  and  3,  screens  of  one,  two,  and  three  feet  square,  placed  at 
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corresponding  distances  from  the  flame.  Each  screen 
receives  the  same  number  of  rays  ;  but  while  at  I,  they  cover 
but  one  square  foot ;  at  2,  they  spread  over  four  square  feet ; 
and  at  3,  nine  square  feet. 
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Velocity  of  Light. 

It  requires  time  for  the  undulations  of  elastic  ether  to 
pass  through  space.  According  to  the  calculations  of 
astronomers,  light  moves  at  the  rate  of  about  192,000  miles 
in  a  second ;  hence,  it  requires  a  little  more  than  eight  min- 
utes for  the  light,  or  the  undulations  of  ether  put  in  motion 
by  the  sun,  to  reach  the  earth.  It  is  calculated  that  the 
light  from  the  nearest  fixed  star  is  five  years  on  its  journey 
before  reaching  us,  and  telescopes  reveal  others  many  times 
more  remote.  The  rapidity  with  which  light  travels  is  so 
great,  that  for  distances,  which  we  are  able  to  measure  on  the 
earth,  its  passage  seems  instantaneous.  It  travels  900,000 
times  faster  than  sound  in  the  air,  and  with  io,000  times 
greater  velocity  than  the  earth  in  its  orbit. 

Reflection  of  Light  —  Plane  Mirrors. 

When  light  falls  perpendicularly  on  a  plane  polished 
reflecting  surface,  as  a  mirror,  it  is  thrown  back  and  exactly 
retraces  its  first  course.     If  a  ray  strikes  the  surface  obliquely, 
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it  is  reflected  obliquely;  the  impinging  and  reflected  ray 
each  form  a  similar  angle  with  a  line  perpendicular  to  the 
surface  at  the  point   of   incidence;    hence,   the  law  which 
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applies  to  the  refraction  of  light  is  expressed  by  saying,  that 
"the  angle  of  reflection  is  equal  to  the  angle  of  incidence." 

In  Fig.  2,  m  m!  represents  a  plane  mirror;  R  I  an  incident 
ray,  from  a  candle  at  R,  falling  on  the  mirror  at  I ;  IE  the 
reflected  ray;  P  I  a  perpendicular  line  drawn  to  the  point 
of  incidence  at  I ;  the  angle  R  I  P  is  equal  to  the  angle 
PIE.  The  eye  placed  at  E  would  see  the  candle  at  O, 
because  it  is  a  physiological  law  that  the  eye  always  locates 
the  object  in  space  in  the  direction  of  the  rays  that  enter  it. 
If  the  reflecting  surface  be  unpolished,  light  falling  on  it  is 
not  regularly  reflected,  but  is  irregularly  scattered  or  thrown 
in  various  directions. 

The  power  of  reflecting  light  varies  greatly  with  different 
bodies.  In  some  of  the  denser  metals,  nearly  all  of  the  light 
impinging  on  their  polished  surfaces  is  repelled ;  in  black 
velvet,  or  charcoal,  most  of  it  is  absorbed  or  quenched;  very 
little  is  thrown  back  or  scattered.  If  all  the  light  should  be 
absorbed  by  an  object,  the  latter  would  be  invisible,  because 
there  would  be  no  rays  left  to  enter  the  eye.  No  surface  is 
absolutely  flat  or  plane;  the  denser  metals  can  be  made  to 
approach  the  nearest  to  this  condition,  for  which  reason 
reflection  from  their  smoother  surfaces  is  nearly  perfect. 
When,  by  polishing,  the  minute  elevations  and  depressions 
of  the  surface  are  reduced  to  the  millionth  of  an  inch,  they 
seem  to  lose  the  power  of  acting  separately,  and  produce 
the  effect  of  a  uniform  surface.  When  the  smooth  surfaces 
of  objects,  like  pressed  white  paper,  polished  wood,  marble, 
etc.,  are  examined  with  the  microscope,  they  are  found  to 
consist  of  an  infinite  number  of  small  planes,  inclined  to 
each  other  at  all  possible  angles  ;  these  planes  scatter  the 
light  in  every  direction  ;  they  produce  what  is  called  diffuse 
light.  If  a  sunbeam  pass  through  a  perforation  in  the 
shutter  of  a  dark  room,  and  impinge  on  a  highly  polished 
metal  plate,  it  is  almost  entirely  reflected,  and  falls  on  the 
wall,  making  a  bright  spot  the  size  of  the  beam,  while  the 
room  still  remains  dark.     If,  for  the  mirror,  a  sheet  of  white 
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paper  be  substituted,  the  latter  will  be  visible  at  any  part  of 
the  room,  and  there  will  be  a  faint  general  illumination.  It 
is  these  irregularly  reflected,  or  scattered  rays,  that  make 
non-luminous  objects  visible  when  they  are  illuminated.  Dif- 
ferent substances  reflect  light  with  greater  or  less  perfection. 
Perpendicular  rays  falling  on  water  have  reflected  18  out  of 
1,000;  glass,  25  out  of  1,000;  mercury,  666  out  of  1,000. 
When  rays  strike  the  reflecting  surface  obliquely,  a  greater 
number  are  thrown  back  into  the  first  medium ;  thus,  at  an 
incidence  of  400,  water  reflects  22  rays ;  at  8o°,  333 ;  at 
%9%° >  721  out  of  1,000;  the  latter  being  about  the  same  as 
is  reflected  by  mercury  at  the  same  angle  of  incidence. 

Position  and    Character  of   Reflected   Images   in  Plane 

Mirrors. 

In  a  plane  mirror,  the  reflected  image  appears  as  far  behind 
its  surface  as  the  object  is  in  front  of  it ;  the  former  is  a  per- 
fect representation  of  the  latter  in  form,  size,  and  color ;  but 
the  image  is  laterally  transposed,  so  that  the  left  of  the 
object  becomes  the  right  of  the  image,  and  vice  versa,  the 
right  of  the  former  appears  as  the  left  in  the  latter;  that 
is,  as  when  compared  with  the  visible  face  of  the  object,  seen 
without  the  mirror,  in  place  and  position  of  the  image. 
When  we  stand  before  a  mirror,  the  left  half  of  the  face 
appears  as  the  right  in  the  image,  and  the  right  half  as  the 
left  in  the  image.  The  reflected  image  of  a  printed  page 
shows  the  letters  arranged  backwards,  and  from  right  to 
left ;  they  appear  just  as  the  compositor  arranges  his  type ; 
if  the  image  be  received  and  reflected  by  another  mirror,  the 
letters  of  the  page  are  again  seen  in  their  accustomed  posi- 
tion for  reading ;  so  if  the  type  be  arranged  for  the  press, 
a  mirror  enables  us  to  read  them  the  same  as  if  their  impres- 
sions were  on  paper.  The  object  and  its  image  are  always 
on  opposite  sides  of  the  perpendicular  to  the  point  of 
incidence. 

A  plane  mirror  gives  an  image  of  an  object  double  its 
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height.  If  a  mirror  be  moved  in  its  plane,  the  image  of  an 
object  moves  twice  as  fast;  so,  if  the  mirror  be  rotated,  the 
angle  described  by  the  image  is  twice  that  described  by  the 
mirror.  The  explanation  is  very  simple.  For  illustration, 
suppose  a  ray  from  an  object  falls  on  a  plane  mirror  at  an 
angle  of  22^°;  it  is  reflected  at  an  angle  of  22^°;  the 
angle  of  incidence  and  the  angle  of  reflection  combined 
form  one  of  45  °.  For  the  eye  to  see  the  reflected  image, 
its  visual  line  must  form  an  angle  with  the  incident  ray  at 
the  point  of  incidence  of  45  °,  or  double  the  angle  of  inci- 
dence. Now  we  will  suppose  the  mirror  to  be  rotated  22  *^°  ; 
then  the  incident  ray  is  rotated  22^°  and  the  reflected  ray 
22^°  ;  the  eye  must  recognize  a  change  of  45 °,  or  twice  the 
degree  of  rotation  of  the  mirror,  in  order  to  see  the  image, 
and  so  for  every. other  angle  of  incidence;  hence,  a  mirror 
placed  at  an  angle  of.  45  °  with  the  horizon,  will  cause  hori- 
zontal objects  to  appear  vertical  and  vice  versa. 

Reflection  from  Curved  Surfaces. 
The  law  that  the  angle  of  reflection  equals  the  angle  of  inci- 
dence, holds  good  when  applied  to  regularly  curved  surfaces. 
Each  point  of  the  curved  surface  reflects  a  ray  of  light  the 
same  as  a  plane  that  is  tangent  to  the  curve  at  the  point  of 
incidence.  If  the  mirror  has  a  concave  parabolic  surface, 
rays  parallel  to  its  axis  will  converge  after  reflection,  and 
cross  each  other  on  the  axis  at  a  certain  distance  from  the 
reflector,  and  then  proceed  in  a  divergent  direction.  The 
point  of  crossing  is  called  the  focus,  and  its  distance  from 
the  mirror  the  focal  distance.  Fig.  3,  m  m'  represents  a  sec- 
tion of  a  parabolic  concave  mirror ;  parallel  rays  L  R, 
L'  R',  L"  R",  will  be  reflected  from  it  as  from  planes  T  T, 
Tr  T',  T"  T",  tangents  to  the  curve  at  the  point  of  incidence 
of  each  respective  ray.  Incident  and  reflected  rays  enclose 
similar  angles  with  R  P,  R'  P',  the  perpendiculars  to  the 
tangents.  All  the  rays  cross  at  the  focus  F;  R  F  is  the 
focal  distance  of  the  mirror.     If  the  surface  ;;/  m'  be  con- 
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vex,  parallel  rays  impinging  on  it  will,  after  reflection,  be 
divergent ;  traced  backwards  they  would  meet  at  F,  which 
then  becomes  a  negative  focus. 


Figure  3. 

Images  Formed  by  Reflection  from  Curved  Surfaces. 

The  image  is  formed  in  the  focus  of  the  rays  proceeding 
from  the  object  after  being  reflected ;  in  the  plane  mirror  the 
image  is  virtual,  and  as  far  behind  as  the  object  is  in  front 
of  it.  In  the  concave  mirror  the  image  is  on  the  same  side 
as  the  object;  it  is  an  actual  image  formed  in  the  air,  or  it 
can  be  made  to  fall  on  a  screen  or  a  piece  of  ground-glass ; 
in  the  latter  case,  it  can  be  seen  either  in  front  or  behind 
it.  The  position  of  the  object  and  its  focus  is  shown  in 
Fig.  4.  Let  M  N  represent  a  concave  spherical  mirror, 
formed  by  rotating  the  curved  line,  having  its  centre  in  O, 
around  the  axis  x  c ;  O  is  the  centre  of  a  sphere,  of  which 
M  N  is  a  small  section;  c  x  is  its  principal  axis.  A  point 
of  light  placed  at  O,  sending  off  rays  that  fall  on  the  surface 
of  the  mirror  at  any  point,  as  at  mt  is  reflected  back  to  O ; 
if  the  point  of  light  be  removed  to  x,  its  rays,  after  reflec- 
tion, will  meet  at  x' ;  the  image  of  x  will  therefore  be  at  x1 . 
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The  angle  of  incidence  0  m  .r— the  angle  of  reflection 
O  ;;/  x' .  Rays  from  a  point  of  light  at  P,  proceeding  par- 
allel with  the  axis  c  x,  and  falling  on  the  mirror  at  m}  meet 
at  F,  its  principal  focus.     The  image  of  P,  therefore,  is  at  F. 


Figure  4. 

Thus,  it  is  seen  that,  while  the  point  of  light  moves  from  O, 
the  centre  of  the  spherical  surface,  to  an  infinite  distance, 
its  focus  only  moves  from  O  to  its  principal  focus.  If  an 
object  of  sensible  dimensions  take  the  place  of  the  point  of 
light,  when  placed  beyond  the  centre  of  the  mirror,  an 
inverted  image  of  it  of  diminished  size  will  be  formed 
between  the  centre  and  the  principal  focus.  A  point  and  its 
image  occupy  positions  which  are  convertible ;  hence,  they  are 
called  conjugate  foci.  If  the  object  be  placed  between  the 
centre  O  and  the  principal  focus,  F,  its  image  will  be  inverted, 
magnified,  and  situated  beyond  the  centre.  If  the  object  be 
in  the  principal  focus,  the  rays,  after  reflection,  will  be  par- 
allel, and  no  image  formed  ;  but  the  eye  of  an  observer  can 
unite  these  into  an  image  on  his  retina,  and  thus  sees  a 
virtual,  erect  image  of  the  object.  The  rays  from  objects 
placed  between  the  mirror  and  its  principal  focus  are  reflected 
divergently,  but  if  these  be  traced  backwards,  they  will  inter- 
sect behind  the  mirror,  and  form  a  virtual  focus. 

Aberration. —  It  is  only  the  rays  that  fall  on  a  spherical 
mirror  near  its  axis,  that  are  united  in  a  point ;   if  the  sec- 
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tion  of  the  sphere  be  large,  the  rays  falling  on  it  beyond  a 
certain  distance  from  its  axis  do  not  meet  in  the  principal 
focus,  but  form  there  a  luminous  surface  ;  this  deviation  of 
the  rays  is  called  spherical  aberration.  The  luminous  surface 
is  called  a  caustic,  and  the  principal  focus  the  cusp  of  its 
caustic. 

Refraction  of  Light. 

When  a  ray  of  light,  or  a  fasciculus  of  rays,  passes  from  one 
homogeneous  medium  to  another  homogeneous  medium  of 
different  density  from  that  of  the  first,  it  is  bent  at  the  sur- 
face of  separation,  and  proceeds  in  the  second  medium  in  a 
straight  line,  but  in  a  changed  direction.  This  is  true  of  all 
rays  that  do  not  fall  perpendicular  to  the  surface  of  separa- 
tion. Those  rays  which  are  perpendicular  to  the  surface 
are  not  bent,  but  proceed  through  the'  second  medium  in  an 
unchanged  direction.  Rays  which  fall  obliquely  on  the  sur- 
face, form  an  angle  with  the  perpendicular  at  the  point  of 
incidence,  called  the  angle  of  incidence  ;  at  the  surface  of  the 
second  medium  the  rays  take  another  direction,  and  form  a 
different  angle  with  the  perpendicular ;  this  is  the  angle  of 
refraction,  which  generally  is  not  equal  to  the  angle  of  inci- 
dence. These  two  angles,  viz.,  the  angle  of  incidence  and 
the  angle  of  refraction,  always  have  definite  and  fixed  rela- 
tions to  each  other,  and  it  is  the  enunciation  of  these  rela- 
tions that  constitutes  the  laws  of  refraction.  When  rays  of 
light  pass  obliquely  from  a  rarer  to  a  denser  medium,  they 
are  generally  bent  towards  the  perpendicular;  on  the  con- 
trary, when  they  pass  from  a  denser  to  a  rarer  medium,  they 
are  bent  from  the  perpendicular.  This  is  shown  in  Fig.  5. 
G  G'  represents  a  strip  of  plate-glass  with  parallel  surfaces  ; 
P  P'  the  perpendicular.  A  ray  falling  in  the  direction  of 
P  P'  passes  through  the  glass  unrefracted ;  B  I  an  incident 
ray  passing  through  the  air  —  a  very  rare  medium  —  and 
falling  on  the  surface  of  the  glass  —  a  very  dense  medium  — 
at  I,  at  which  point  it  is  bent  towards  the  perpendicular  and 
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proceeds  in  a  straight  line  to  E;  here  it  again  meets  with 
the  air  —  the  first  medium  —  and  is  bent  from  the  perpen- 
dicular, and   continues  in  a  line  parallel  to  its  first  course. 


Figure  5. 

The  more  obliquely  the  light  falls  on  the  refracting  surface, 
the  greater  is  the  amount  of  refraction  which  its  rays 
undergo ;  hence,  the  degree  of  refraction  varies  with  the 
angle  of  incidence,  but  the  relation  that  one  bears  to  the 
other  remains  unchanged.  For  the  same  two  media,  the 
sines  of  the  angle  of  incidence  and  of  the  angle  of  refrac- 
tion always  bear  the  same  proportion  to  each  other.  The 
quotient  obtained  by  dividing  the  sine  of  the  angle  of  inci- 
dence in  vacuo,  by  the  sine  of  the  angle  of  refraction,  gives 
for  any  medium  its  index  of  refractioii.  The  application  of 
this  law  for  water  is  shown  in  Fig.  6.  ARCD  represents 
the  vertical  section  of  a  cylindrical  vessel  half  filled  with 
water,  its  surface  being  at  AC;  E  is  the  centre  ;  B  D  is  a 
line  perpendicular  to  the  surface  of  the  water  at  E ;  a  ray 
from  B  would  follow  this  line,  and  consequently  pass  unre- 
fracted,  or  in  a  straight  line.  A  ray  entering  the  cylinder 
at  m,  and  falling  on  the  surface  of  the  water  at   E,  has  its 
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direction    changed    at    this    point   and    passes    through    the 
water  to  n.     At  m  draw  the  line  tn  o  perpendicular  to  B  D, 

and  at  n  draw  another  line 
n  p  perpendicular  to  B  D. 
Whatever  may  be  the  angle 
of  incidence,  the  lines  m  o 
and  n  p  always  have  a  fixed 
relation  to  each  other ;  hence, 


n  p 


is  a  constant  quantity ;  x 


is  the  angle  of  incidence ;  y 

the  angle  of  refraction.     The 

dotted   lines    represent    light 

falling   at    another  angle  of 
Figure  6.  -.,,.,. 

incidence,   but   the    ratio    of 

m'  o'  to  n'  p'  is  precisely  the  same  as  that  of  m  o  to  n  p. 

If  we  regard  the  radius  of  the  circle  A  B  C  D  as  a  unity,  or 

i,  the  line   m  o  will   be  the  sine  of  the  angle  of  incidence, 

while  n p  will  be  the  sine  of  the  angle  of  refraction;  hence, 

the  law.     The  sine  of  the  angle  of  incidence,  divided  by  the 

sine  of  the  angle  of  refraction,  is  a  constant  quantity,  which 

quantity    invariably    determines    the    index    of    refraction. 

Rays  passing  backwards  always  retrace  their  first  course  ; 

this  is  a  universal  law  of  optics.     The  indices  of  refraction 

of  the  following  substances  are  here  given,  the  light  being 

supposed  to  pass  from  atmospheric  air. 

Diamond 2-429  I  Ether 1358 

Rock  Salt 1-557  •  Water 1-335 

Quartz 1-548  I  Ice    I-308 

Alcohol 1'372     Oil  of  Turpentine 1*476 

It  will  be  seen  that  oil  of  turpentine  has  an  index  of 
refraction  greater  than  that  of  water,  although  its  density  is 
to  that  of  water  as  824  is  to  1000.  A  ray  of  light  passing 
obliquely  from  turpentine  into  water  is  bent  from  the  per- 
pendicular ;  hence,  this  is  an  exception  to  the  general  law. 
Combustible  substances  usually  refract  light  with  the  greatest 
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energy.  For  this  reason,  Newton  conjectured  that  diamond, 
owing  to  its  index  of  refraction  being  so  high,  "  was  prob- 
ably an  unctuous  substance  coagulated."  Diamond  is  now 
placed  among  combustible  bodies. 

Total  Reflection. 

It  has  been  previously  stated  that  all  of  the  rays  of  light 
impinging  on  a  refracting  surface  do  not  enter  it  — a  part  are 
reflected  or  thrown  back  into  the  first  medium.  The  larger 
the  angle  of  incidence,  the  greater  will  be  the  number  of 
reflected  rays.  There  results  from  this  law  a  singular  phe- 
nomena, which  has  received  the  name  of  total  reflection.  If 
rays  of  light,  passing  through  air,  fall  on  the  surface  of  water 
at  an  angle  of  a  little  less  than  900  incidence,  the  angle  of 
refraction  in  the  water'will  be  4Sy2°.  On  the  principle  of 
reversibility,  if  rays  of  light  pass  through  water  and  fall  on 
its  surface  at  an  incident  angle  of  48^°,  it  will  not  leave  the 
water,  but  just  graze  along  its  surface.  If  the  rays  passing 
through  the  water  meet  its  surface  at  a  greater  angle  than 
48^°,  they  will  be  totally  reflected,  and  pass  back  into  the 
water  in  such  direction  as  to  make  the  angle  of  reflection 
equal  to  the  angle  of  incidence.  It  is  evident  that  this  phe- 
nomena could  not  result  from  rays  of  light  passing  from  a 
rarer  to  a  denser  medium,  as  from  air  to  water  or  glass.  On 
the  contrary,  when  rays  pass  obliquely  through  a  medium, 
and  at  its  surface  meet  one  of  lesser  density,  it  is  seen  that 
there  is  a  certain  angle  of  incidence,  varying  in  size  with  the 
relative  density  of  the  two  media,  where  the  angle  of  refrac- 
tion becomes  a  right  angle ;  the  refracted  ray  will  then  pass 
along  between  the  two  surfaces.  As  the  angle  of  refraction 
is  greater  than  the  angle  of  incidence  when  light  passes 
from  a  denser  to  a  rarer  medium,  it  follows,  that  when  the 
former  becomes  a  right  angle  the  latter  is  less  than  a  right 
angle,  and  if  from  this  position  the  angle  of  incidence  be 
increased,  the  angle  of  refraction  becomes  greater  than  a 
right  angle  ;    consequently,  the  rays  cannot   leave  the  first 


\2  PHYSICAL    OPTICS. 

medium,  but  are  totally  reflected,  and  follow  the  established 
laws  of  reflection.  The  smallest  incident  angle  at  which  the 
rays  do  not  emerge  from,  but  just  graze,  the.  surface,  is  called 
the  angle  of  total  reflection.  This  angle,  for  water  and  air,  is 
480  27' ;  for  flint-glass  in  the  air  it  is  i$z  41' ;  for  diamond, 
23*  42'.  A  very  simple  experiment  shows  that  the  effect 
produced  by  total  reflection  surpasses  in  brightness  any 
image  formed  by  reflection  from  mercury,  or  the  most  per- 
fectly polished  metal-plate.  If  we  place  a  bright  piece  of 
silver  coin  in  the  bottom  of  a  tumbler,  and  cover  it  with 
water  to  the  depth  of  two  or  three  inches,  then  tilt  the  tum- 
bler so  as  to  obtain  the  necessary  angle  of  obliquity-  to  the 
surface,  by  looking  upwards  through  the  water  the  coin  will 
appear  at  the  surface  as  bright  and  shining  as  if  seen  by 
direct  vision.  If  rays  of  light  fall  perpendicularly  on  the 
side  of  a  right-angled  isosceles  prism,  they  will  enter  and 
fall  on  the  hypothenuse  at  an  angle  of  45°  ;  this  exceeds  the 
limiting  angle  of  glass ;  hence,  the  rays  will  be  totally 
reflected  at  an  angle  of  45°,  and  will  form  a  right  angle  with 
the  incident  rays.  This  law  of  refraction  is  often  utilized  in 
the  construction  of  optical  instruments.  The  binocular 
ophthalmoscope  of  Giraud  Teulon  acts  on  this  principle.  As 
the  opening  in  the  ophthalmoscopic  mirror  must  necessarily 
be  small,  and  requires  to  be,  when  in  use,  very  near  to  the 
eye.  as  a  matter  of  course,  but  one  eye  can  be  applied  to  it 
at  a  time ;  hence,  the  ordinary  instrument  can  only  be  used 
in  monocular  vision.  Giraud  Teulon  placed  two  rhomboidal 
prisms  behind  the  opening  in  the  mirror,  as  represented  in 
Fig.  7.  M  M'  represents  the  mirror  with  a  small  hole  in 
its  centre ;  A  A'  two  rhomboidal  prisms.  These  prisms  are 
placed  in  apposition  behind  the  mirror,  as  seen  in  the  figure. 
I  I',  a  bundle  of  parallel  rays  passing  through  the  mirror. 
Ordinarily  these  rays  enter  the  eye  of  the  observer  at  O,  but 
here  they  are  divided  ;  one-half  falls  on  the  right-hand  prism, 
the  other  half  on  the  left-hand  prism.  They  pass  without 
change  of  direction  until  they  arrive  at  P  P',  the  hypothe- 
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nuse  of  the  prism  ;  here  each  is  totally  reflected  at  angles 
of  450,  one-half  passing  to  the  right  the  other  half  to  the 
left,  when  each  falls  on  another  hypothenuse,  where  they  are 


Figure  7. 

again  reflected  at  angles  of  45 °.  The  divided  fasciculus  now 
passes  out  of  the  prisms,  and  the  rays  assume  directions 
parallel  with  their  first  course.  The  eyes  of  the  observer, 
placed  one  at  E  the  other  at  E',  see  with  both  that  which, 
under  other  circumstances,  could  be  seen  with  but  a  single 
eye,  thus  giving  the  advantage  of  binocular  vision,  a  matter 
of  great  importance  in  studying  the  topographical  positions 
of  the  structures  at  the  fundus  of  the  observed  eye.  The 
wedge-shaped  prisms  are  added  in  order  to  render  the 
parallel  rays  slightly  divergent,  so  as  to  assist  the  eyes  in 
fusing  the  double  images. 

The  mirage  of  the  desert  is  partly  due  to  total   reflection. 
The  hot  sand  heats  the  air  in  contact  with  it,  which  becomes 
rarer  than  that  which   is  superincumbent.     Rays  from   dis- 
tant objects   striking  the  latter  very  obliquely,  are   totally 
3 


34  PHYSICAL    OPTICS. 

reflected,  and  meet  the  eyes  in  such  a  manner  that  the  object 
is  seen  the  same  as  was  the  silver  coin  on  the  surface  of 
the  water,  in  the  experiment  with  the  tumbler,  referred  to 
above.  It  is  to  total  reflection  that  diamond  chiefly  owes  its 
extraordinary  brilliancy  ;  owing  to  its  very  high  refractive 
power,  total  reflection  commences  at  small  angles  of  inci- 
dence ;  all  of  the  rays  filling  an  angular  space  of  900,  in  the 
air,  are  in  the  diamond  condensed  into  an  angular  space  of 
230  42'.  The  effect  of  total  reflection  can  be  shown  by 
placing  in  an  opening  made  in  the  window-shutter  of  a  dark 
room  a  rectangular  isosceles  prism,  so  that  one  side  shall 
look  outwards  and  be  parallel  to  the  shutter,  the  other  rest- 
ing on  a  side  of  the  tube  forming  the  hole,  while  the 
hypothenuse  looks  into  the  room.  The  strongest  light  from 
the  exterior,  shining  on  the  prism,  is  totally  reflected  by  the 
hypothenuse  of  the  prism,  and  falls  on  the  surface  of  the 
tube,  where  it  is  either  quenched  or  reflected  back  in  the 
course  of  entrance.  The  room  remains  perfectly  dark ;  not 
a  ray  of  light  enters  it. 

Refraction  by  Curved  Surfaces  —  Lenses. 

The  term  lens  was  first  applied  to  a  transparent  refracting 
body,  having  two  regularly  spherical  surfaces,  on  account  of 
its  resemblance  to  a  leguminous  vegetable  known  in  the 
East  as  a  lentil.  It  is  certain  that  convex  lenses  were  in 
use  among  the  ancients,  and  then,  as  at  the  present  day,  they 
were  used  to  magnify  small  objects.  They  have  been  found 
among  the  debris  of  Nineveh,  and  among  the  ruins  of  Her- 
culaneum  and  Pompeii.  The  term  lens  is  now  applied  to  all 
transparent  masses  terminating  at  least  on  one  side  by 
spherical  or  cylindrical  surfaces  ;  these  may  be  either  con- 
vex or  concave.  When  the  term  lens  is  used,  it  is  gener- 
ally understood  to  be  a  bi-convex  one,  unless  otherwise 
specified ;  but  to  be  accurate,  it  should,  when  expressed  by 
its  numerical  power,  be  preceded  by  the  sign  of  plus ;  as, 
for  example,  +  T^,  which  signifies  that  it  is  a  convex  lens  of 
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10  inches  focus.  The  concave  lens  is  designated  by  the 
sign  of  minus  ;  as  —  T'0,  meaning  that  it  is  a  concave  spheri- 
cal lens  of  10  inches  negative  focus.  Convex  lenses  cause 
parallel  rays  of  light  passing  through  them  to  converge 
towards  a  point ;  or  if  they  be  already  convergent,  they 
increase  the  degree  of  convergence.  Their  action  is  said  to 
be  positive.  By  the  French  they  are  called  loupes.  Concave 
lenses,  on  the  contrary,  cause  parallel  rays  to  diverge,  or 
they  increase  the  dispersion  of  rays  already  divergent.  Their 
action  is  negative.  Positive  lenses  are  thickest  at  their  cen- 
tres. Negative  lenses  are  thinnest  at  their  centres.  The 
different  forms  of  positive  and  negative  lenses  are  represented 
in  Fig.  8. 


Figure  8. 


A,  a  plano-convex,  one  of  its  sides  plain,  the  other  con- 
vex ;  B,  a  bi-convex,  both  of  its  sides  are  convex ;  C,  a 
positive  or  concavo-convex  meniscus,  having  one  side  con- 
cave the  other  convex,  but  the  convex  side  has  the  shortest 
radius  of  curvature ;  D,  a  plano-concave  lens,  one  of  its  sur- 
faces plain  the  other  concave  ;  E,  a  bi-concave,  both  of  its 
surfaces  are  concave ;  F,  a  convexo-concave  or  negative 
meniscus,  one  of  its  surfaces  convex  the  other  concave,  but 
the  concave  surface  has  the  shortest  radius  of  curvature. 
The  principal  axis  of  a  lens  is  a  straight  line  —  as  x  x' — 
drawn  perpendicularly  to  the  curved  surfaces  —  at  the  place 
of  its  greatest  thickness  for  a  convex  lens,  or  at  its  thinnest 
part  for  a  concave  lens.  A  secondary  axis  is  one  which  cuts 
the  principal  axis  in  the  middle  of  the  maximum  thickness 
or  thinness  of  the  lens;  consequently,  a  ray  of  light  passing 
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through  a  secondary  axis  must  form  an  angle  with  the  prin- 
cipal axis.  The  secondary  axis  ray  is  not  a  straight  line, 
but  a  refracted   one,   the  emerging   ray   taking   a  direction 


Figure  9. 

parallel  with  its  course  of  incidence.  This  is  shown  in  Fig. 
9 :  L  represents  a  bi-convex  lens ;  A  A',  a  ray  passing  unre- 
fracted  through  its  axis ;  a  b,  an  incident  ray  falling  on  the 
anterior  convex  surface  at  by  where  it  is  refracted  and  pro- 
ceeds towards  c,  at  which  point  it  is  again  bent  from  the 
axis  ray,  and  takes  the  direction  of  c  d,  parallel  with  its  first 
course  a  b;  a  b  c  d  is  a  secondary  axis  ray.  The  optical 
centre  of  a  lens  is  at  a  point  on  its  principal  axis  where  all 
the  secondary  axes  cross  each  other.  For  bi-convex  and 
bi-concave  lenses,  where  the  radii  of  curvature  of  both  sides 
are  equal,  the  optical  centre  is  at  a  point  equally  distant  from 
either  of  the  two  surfaces.  k!  is  the  anterior,  and  k"  is 
the  posterior  nodal  point.  If  the  radii  of  curvatures  of  the 
two  surfaces  be  unequal,  it  is  nearest  to  the  surface  having 
the  shortest  radius ;  in  plano-convex  and  plano-concave 
lenses,  it  is  on  the  surface  of  curvature.  In  converging  and 
diverging  meniscus  lenses,  the  optical  centre  may  be  outside 
of  the  refracting  body. 

When  parallel  rays — as  those  from  the  sun — pass  through 
a  convex  lens,  as  L,  in  Fig.  10,  the  axis  ray  A  A'  passes  with- 
out being  refracted ;  all  of  the  other  rays  are  bent  towards 
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the  perpendicular  in  such  a  manner  that  they  unite  on  the 
axis  ray  at  F'.  F'  is  the  principal  focus  of  L.  The  dis- 
tance of  Fr  from  oy  the  optical  centre  of  the  lens  —  as  seen 


Figure  10. 

in  the  figure  —  is  its  principal  focal  distance,  and  its  measure 
represents  the  power  or  strength  of  the  lens  ;  thus,  yVy  or  -^ 
means  that  F'  is  situated  10"  or  12"  from  0.  A  lens  of  j{ 
signifies  that  its  focal  distance  is  4". 

Rays  of  light  from  a  luminous  point  placed  at  F",  in  pass- 
ing through  the  lens,  become,  on  emerging,  parallel,  accord- 
ing to  the  principle  of  reversibility,  and  proceed  as  b  a,  b'  a' . 
Parallel  rays,  as  the  dotted  lines  in  the  figure,  falling  on  the 
posterior  surface  of  the  lens,  are  united  in  a  focus  at  F;  this 
is  the  anterior  focus,  and  is  measured  by  its  distance  from  0. 


Figure  11. 


Figure  1 1,  L  represents  a  bi-concave   lens.      Parallel   rays 
a  b,  a'  //,  falling  on  its  anterior  surface  at  b  and  //,  on  emerg- 
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ing  from  its  opposite  side  at  c  c' ,  are  rendered  divergent,  and 
proceed  in  the  direction  of  d  d' .  These  rays,  traced  back- 
wards, meet  the  axis  ray  at  F  in  front  of  the  lens,  or  on  the 
same  side  as  the  object  from  which  the  rays  proceed.  F  is 
the  negative  focus  of  the  bi-concave  lens  L.  Convergent 
rays,  as  d  c,  d'  cf ,  entering  the  posterior  surface  of  the  lens, 
will,  on  emerging  from  its  anterior  surface,  become  parallel, 
as  b  ay  b'  a'. 

The  focal  distance  of  a  lens  depends  on  the  index  of 
refraction  of  the  substance  of  which  it  is  composed,  and  on 
the  degree  of  curvatures  of  its  surfaces.  The  shorter  its 
radii  of  curvatures,  the  less  is  its  focal  distance. 

If  a  point  of  light  be  placed  at  a  finite  distance,  but 
farther  than  the  anterior  principal  focus  of  the  lens,  its 
diverging  rays  will  meet  in  a  point  beyond  the  posterior 
principal  focus.  If  the  point  of  light  be  brought  nearer  than 
the  principal  focus,  the  diverging  rays,  after  passing  through 
the  lens,  will  still  be  divergent,  but  to  a  lesser  degree.  These 
rays  traced  backwards  will  meet  at  a  point  on  the  axis,  in  a 
virtual  or  imaginary  focus,  situated  on  the  same  side  of  the 
lens  as  the  object.    This  is  shown  in  Fig.  12.     L,  a  bi -convex 


Figure  12. 

lens ;  A  A'  its  axis ;  a,  the  point  of  light  nearer  the  lens 
than  its  principal  focus  F.  The  divergent  rays  a  b,  a  b' ',  after 
passing  through  the  lens,  are  still  divergent,  though  to  a  less 
degree.  These  rays  traced  backwards,  as  shown  by  the 
dotted  lines,  meet  in  a  virtual  focus  at  n,  on  the  same  side  of 
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the  lens  as  the  object  a,  but  farther  off  than  its  principal 
focus  F\  The  real  focus  is  always  on  the  opposite  side  of 
the  lens  to  the  object,  and  becomes  an  optical  image  of  the 
luminous  point.  The  object  and  its  image  always  have  a 
reciprocal  relation  to  each  other;  they  are  convertible.  If 
the  point  of  light  be  placed  in  the  position  of  its  image,  the 
latter  is  reformed  exactly  in  the  place  occupied  by  the  former  ; 
hence,  the  object  and  its  image  are  points  of  conjugate  con- 
vergence, and  to  express  this  reciprocal  relation,  the  points 
are  called  conjugate  feci ;  the  term  has  the  advantage  of  ren- 
dering it  unnecessary  to  state  which  of  the  two  points  is 
luminous.  For  the  laws  of  refraction  it  is  immaterial  whether 
the  point  of  light  proceeds  from  an  independent  luminous 
source,  or  from  a  body  which  diffuses  incident  light ;  to  form 
an  image,  it  is  necessary  that  light  emanating  from  a  point 
should,  after  refraction,  unite  in  a  point.  When  the  object, 
instead  of  being  a  point,  is  of  sensible  size,  and  it  is  placed 
anywhere  from  a  little  beyond  the  principal  focus  to  an 
infinite  distance,  an  actual  inverted  image  is  formed  in  the 
air  on  the  opposite  side  of  the  lens,  at  its  conjugate  focus. 
The  eye,  if  placed  beyond  this  aerial  image,  so  that  its  visual 
line  shall  correspond  with  the  axis  of  the  lens,  sees  it  as  an 
actual  image.  If  a  screen  of  ground-  or  milk-glass  be  inter- 
posed in  the  focus  of  the  rays,  the  actual  image  is  formed 
on  it,  and  it  is  visible  to  the  eye  placed  either  before  or 
behind  the  screen.  Images  that  are  real  cannot  be  formed 
by  a  concave  lens  ;  its  focus  is  always  virtual  or  imaginary, 
and  in  front  of  the  lens. 

Formation  of  Images. 

To  explain  the  manner  of  the  formation  of  images  of 
luminous  or  illuminated  bodies  of  sensible  size,  when  placed 
before  convex  lenses,  we  must  trace  the  course  not  only  of  the 
axis  ray  and  of  the  rays  meeting  in  a  focus  on  it,  but  we  must 
also  trace  the  course  of  all  the  secondary  axes,  and  of  the 
rays  uniting  on  them,  from  each  point  of  the  object.  Fig. 
13,  L  represents  a  bi-convex  lens  ;   A  B  C.  an  arrow  beyond 
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the  principal  focus,  with  its  point  upwards.  The  rays  A  o  A' 
and  C  o  Cf  are  secondary  axis  rays.  All  rays  from  the  point 
at  A  that  enter  the  lens  are  united  in  a  point  on  the  axis  ray 
A  o  A'  at  A7 ;  hence,  A'  is  the  image  of  the  point  A.  So 
with  the  point  C  ;  all  of  its  rays  passing  through  the  lens  are 
united  on  its  secondary  axis  at  C,  which  becomes  the  image 


Figure  13. 

of  the  point  C.  In  the  same  manner  each  point  of  the  sur- 
face of  the  arrow,  looking  towards  the  lens,  has  its  image 
formed  at  corresponding  points  in  the  plane  between  A'  and 
C  ;  thus,  A'  B'  C  is  the  inverted  image  of  the  arrow  ABC; 
inverted,  because  all  the  secondary  axes  cross  at  o,  the  opti- 
cal centre  of  the  lens.  The  image  in  the  figure  is  smaller 
than  the  object.  If  the  object  be  placed  at  2o'  or  more  dis- 
tant, the  inverted  image  will  be  of  minimum  size  and  at  the 
principal  focus  of  the  lens.  If,  now,  the  object  be  made  to 
approach  the  lens,  its  image  will  recede  from  it  and  increase 
in  size,  but  with  diminished  brightness,  until,  when  the 
object  arrives  at  double  the  distance  of  the  anterior  principal 
focus,  the  image  will  be  at  the  same  distance  behind  the 
lens  and  of  the  same  size  as  the  object;  as  the  latter  is 
brought  still  nearer,  its  image  recedes  more  rapidly  with 
increasing  size,  but  diminishing  brightness,  until  it  arrives  at 
the  principal  focus,  when  there  is  no  longer  an  image,  but  in 
place  of  it  diffuse  light,  because  the  emerging  rays  are 
parallel.  When  the  object  is  brought  nearer  to  the  lens  than 
its  principal  focus,  the  emerging  rays  will  be  divergent ;  but 
if  traced  backwards,  they  form  a  negative  focus  on  the  same 
side  of  the  lens  as  the  object.      The  eye,  so  placed  as  to 
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receive  these  divergent  rays,  by  accommodation  unites  them 
in  an  image  on  its  retina,  and  sees  an  erect  magnified  virtual 
image  of  the  object  in  the  position  of  the  negative  focus. 
The  only  real  image  is  the  one  formed  on  the  retina  of  the 
observing  eye.  This  is  the  principle  on  which  objects  are 
magnified  by  lenses,  as  illustrated  by  Fig.    14.     A  B  repre- 


Fig-ure  14. 

sents  an  arrow  with  its  point  upwards  ;  L,  a  bi-convex  lens ; 
F  is  principal  focus.  Rays  from  A  and  B,  after  passing 
through  the  lens,  are  divergent.  Traced  backwards,  they 
meet  behind  the  object  at  a  and  b  ;  the  eye,  placed  at  E, 
sees  the  arrow  erect  and  magnified  seemingly  at  a  b.  A 
real  inverted  image  of  A  B  is  formed  on  the  retina,  but  the 
imagination  refers  it  to  the  position  of  a  b. 

Spherical  Aberration. 

All  the  monochromatic  rays  emanating  from  a  point, 
after  being  refracted  by  spherical  surfaces,  do  not  unite 
exactly  in  a  point,  but  only  approximately  so.  It  is  only  for 
very  small  angles  of  incidence  that  the  union  is  perfect; 
it  becomes  less  and  less  so  as  the  angles  of  incidence 
increase  in  size  ;  those  rays  that  are  nearest  to  the  axis 
of  the  lens  are  refracted  least,  and  have  a  greater  focal 
distance,  while  those  rays  passing  through  the  lens  near 
its  periphery  are  refracted  most,  and  unite  at  a  point  on 
the  axis  nearer  than  the  central  rays,  as  is  shown  in  Fig. 
15.     L,  the  lens  ;  A  A'  its  axis  ;  a  a',  c  <•',  rays  near  the  axis 
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falling  on  the  spherical  surface  at  small  angles  of  incidence, 
which  are  united  at  F,  the  principal  focus  of  the  lens  ;  c  cf, 


Figure  15. 

b  bf  are  rays  falling  on  the  surface  of  the  lens  near  its  circum- 
ference, at  large  angles  of  incidence ;  they  are  more  highly 
refracted  and  unite  in  x.  Intermediate  rays  unite  at  inter- 
mediate points  between  F  and  x.  This  irregularity  in  the 
union  of  rays  emanating  from  a  point  after  passing  through 
a  spherical  refracting  body,  is  called  spJierical  aberration.  In 
the  figure,  the  measure  of  the  distance  between  F  and  x  is 
the  amount  of  spherical  aberration  of  the  lens  L.  A  lens 
so  constructed  as  to  bring  all  the  rays  from  a  point  im- 
pinging on  it  to  a  point  is  called  aplanatic.  As  spherical 
aberration  greatly  interferes  with  the  sharpness  of  the  con- 
tours or  borders  of  images,  in  optical  instruments  the  periph- 
eral rays  are  excluded  by  means  of  a  diaphragm  ;  the 
latter  is  perforated  to  form  a  central  opening  of  sufficient 
size  to  admit  the  more  central  rays,  thus  securing  distinct- 
ness and  sharpness  of  outline  at  the  expense  of  brightness. 
This  diaphragm  exists  in  the  eye  in  the  form  of  the  iris,  and 
the  central  opening  corresponds  with  the  pupil. 

Chromatic  Aberration. 

Owing  to  the  colored  rays  composing  white  light  having 
different  degrees  of  refrangibility,  their  points  of  convergence 
are  not  at  precisely  the  same  distance  behind  the  lens,  so 
the  images  belonging  to  the  different  colors  do  not  exactly 
superpose.     This  is  called  chromatic  aberration.     This  mani- 
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fests  itself  in  proportion  to  the  extent  of  the  surface  of  the 
lens  exposed  to  the  light,  being  much  greater  for  rays  pass- 
ing near  its  periphery  than  for  those  near  the  axis.  Chro- 
matic aberration  is  easily  shown  by  taking  a  strong  bi-con- 
vex  lens  of — for  example  —  two  inches  focus,  and  holding 
it  in  the  direct  sunlight,  and  converging  the  rays  on  a  piece 
of  white  paper.  The  violet  and  blue  rays  being  the  most 
refrangible,  are  first  united  in  a  focus,  while  the  least  refrangi- 
ble, red,  meet  at  a«  greater  distance  behind  the  lens.  The 
converging  cone  is  then  surrounded  by  a  sheath  of  the  less 
refrangible  red,  so  that  if  a  screen  be  interposed  in  front  of 
the  focus,  the  illuminated  spot  will  be  surrounded  by  a  sheath 
of  red,  within  which  is  a  circle  of  orange  rays  connecting  it 
with  the  central  white  image.  If  the  screen  be  placed  imme- 
diately at  the  focus  of  the  middle  rays,  the  dispersion  will 
scarcely  be  perceptible  ;  but  if  it  be  removed  to  the  focus  of 
the  red  rays,  the  image  will  be  surrounded  by  a  circle  of 
blue,  from  the  blue  rays  which  have  crossed  and  are  now 
diverging;  thus,  while  the  converging  rays  are  surrounded 
by  a  sheath  of  red,  the  diverging  cone  has  an  outside  sheath 
of  blue.  Newton  entertained  the  opinion  that  chromatic 
aberration  could  not  be  overcome  ;  he  considered  the  de- 
gree of  refraction  proportional  to  the  dispersive  power  of 
a  prism  or  lens,  and  that  if  one  be  neutralized,  the  other 
would  be  destroyed  also.  Euler,  as  early  as  the  middle  of 
the  seventeenth  century,  thought  that  chromatic  aberration 
could  be  obviated,  and  a  Swedish  mathematician  proved  it 
theoretically,  but  it  remained  for  Dolland,  of  England,  to 
solve  the  problem  by  actually  making  an  achromatic  lens, 
and  applying  the  same  to  the  construction  of  telescopes. 
Two  prisms,  causing  very  different  degrees  of  dispersion, 
may  produce  the  same  mean  degree  of  refraction.  By 
diminishing  the  angle  of  the  more  highly  dispersive  prism, 
its  dispersive  powers  may  be  reduced  to  correspond  with  the 
feebler  dispersive  one  ;  then,  by  placing  them  in  apposition 
to  each  other,  it  is  found  that  the  colors  of  each  are  neutral- 
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ized  without  destroying  the  refraction.  A  prism  made  of 
crown-glass,  opposed  by  one  of  flint-glass,  is  achromatic; 
the  flint-glass  neutralizes  the  dispersion  of  the  crown-glass 
before  it  destroys  the  refraction.  Achromatic  convex  lenses 
are  made  by  opposing  to  lenses  of  crown-glass,  concave 
ones  of  flint-glass,  the  residuum  of  refraction  giving  a 
colorless  image. 

Refraction  at  Inclined  Surfaces. 

When  light  passes  through  a  refracting  substance  —  as 
glass  —  whose  surfaces  are  inclined  to  each  other, —  wedge- 
shaped, —  the  rays,  after  leaving  the  second  surface,  do  not 
take  a  course  parallel  with  their  direction  in  the  first  medium, 
but  a  changed  one.  A  refracting  body  having  this  shape 
is  called  a  prism,  and  the  angle  enclosed  between  the  two 
inclined  surfaces  its  refracting  angle.  The  amount  of  deflec- 
tion of  the  ray  from  its  original  direction  varies  with  the 
size  of  a  refracting  angle.  The  amount  of  refraction  in 
the  same  prism  varies  with  the  course  of  the  ray  through  it. 
When  the  direction  of  that  portion  of  the  ray  within  the 
prism  forms  equal  angles  with  the  perpendiculars  to  the  two 
surfaces,  the  total  refraction  is  at  a  minimum.  When  an 
object  is  seen  through  a  prism,  the  eye  locates  it  in  the  direc- 
tion of  the  rays  entering  the  pupil.  Fig.  16  represents  the 
vertical  section  of  a  prism.     A  ray  from  a  point  of  light  at 


Figure  16. 

L  falls  on  one  refracting  surface  at  a,  where  it  is  bent  towards 
the  perpendicular  P  a,  and  proceeds  straight  to  C,  where  it 
meets  with  another  inclined  surface  at  C,  and  is  bent  from 
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the  perpendicular  P'  C,  and  passes  to  the  eye  at  E.  The 
point  of  light  is  seen  apparently  at  I,  in  the  direction  of  the 
ray  E  C. 

If  the  refracting  angle  be  very  large,  light,  in  passing 
through  it,  has  its  constituent  rays  separated  or  dispersed, 
forming  what  is  called  a  prismatic  spectrum.  If  a  beam  of 
sunlight,  passing  through  a  small  hole  in  the  shutter  of  a 
dark  room,  impinges  on  one  of  the  surfaces  of  a  prism,  each 
of  whose  angles  measures  6o°, and,  after  passing  through  the 
inclined  surfaces,  it  be  received  on  a  white  screen  held  a  few 
feet  distant,  it  will  be  seen  that  the  sunlight  has  been  decom- 
posed by  the  refracting  surfaces,  and  seven  different  colors 
will  appear  on  the  screen,  each  one  always  having  a  definite 
and  fixed  position  in  relation  to  all  the  others.  The  series 
of  colors  on  the  screen  constitutes  the  solar  spectrum.  Pris- 
matic analysis  shows  that  a  sunbeam  is  composed  of  seven 
different  colored  visible  rays,  besides  some  that  are  invisible, 
which  are  known  as  heat  rays  and  chemical  rays. 


Figure  17. 


In  Fig.    17,  S  represents  a  sunbeam   passing  through    F, 
an  opening  in  the  shutter  E  g,  and  falling  on  the  prism  A  B 
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C,  with  a  refracting  angle  downwards  ;  M  N,  the  white  screen. 
"  On  viewing  the  spectrum  attentively,  we  perceive  that  the 
lowest  or  least  refracted  extremity  is  a  brilliant  red,  more 
full  and  vivid  than  can  be  produced  by  any  other  means,  or 
than  the  colors  of  any  natural  substance.  This  dies  away, 
first,  into  an  orange,  and  passes,  by  imperceptible  gradations, 
into  a  fine  pale  straw-yellow,  which  is  quickly  succeeded  by 
a  pure  and  very  intense  green,  which  again  passes  into  blue, 
at  first  of  less  purity,  being  mixed  with  green,  but  afterwards 
deepening  into  the  purest  indigo.  Meanwhile,  the  intensity 
of  the  illumination  is  diminishing,  and  in  the  upper  portion 
of  the  indigo  tint  it  is  very  feeble,  but  the  blue  is  continued 
still  beyond,  and  acquires  a  pallid  cast  of  purplish-red,  a 
livid  hue,  better  seen  than  described,  and  which,  though  not 
to  be  exactly  matched  by  any  natural  color,  approaches 
most  nearly  to  that  of  fading  violet."  (Olmstead.)  If  these 
colored  rays  be  passed  through  a  convex  lens, —  either 
spherical  or  cylindrical, —  they  may  be  blended,  and  form 
again,  in  the  focus  of  the  lens,  the  original  white  light.  The 
same  object  can  be  accomplished  by  placing  a  second  prism 
contiguous  to  the  first,  but  in  an  inverted  position.  In  the 
figure  the  dotted  lines  below  the  red  rays  represent  the  posi- 
tion of  the  invisible  heat  rays.  The  dotted  lines  above  are 
the  invisible  chemical  rays,  or  ultra-violet ;  as  will  be  shown 
hereafter,  these  are  not  entirely  invisible,  but  are  very  feebly 
illuminating  rays. 

Theories  of  Light. 

Emission  Theory. —  The  phenomena  of  light  has  been 
accounted  for  by  two  different  hypotheses.  The  first  and 
oldest  of  these  is  known  as  the  emission  theory ;  it  is  sup- 
posed that  all  luminous  bodies  are  constantly  throwing  off 
into  space  infinitesimal  particles  of  luminous  matter,  which 
travel  with  inconceivable  velocity.  These  luminous  particles 
of  matter  enter  the  eye  direct,  or  they  first  fall  on  other  bodies 
and  are  reflected ;  some  of  these  direct  or  reflected  particles 
are  gathered  up  and  concentrated  by  the  refractive  media  of 
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the  eye,  form  an  image  on  the  retina,  and  vision  is  excited 
or  produced.  This  theory  was  advocated  by  Newton,  and 
since  his  time  by  many  eminent  philosophers  ;  among  others, 
by  Laplace,  Malus,  Biot,  and  Brewster. 

Undulation  Theory. —  Upon  the  second  hypothesis,  the 
phenomena  of  light  is  accounted  for  by  the  undulation  or 
wave  theory.  Every  boy  reared  in  the  country  is  familiar 
with  the  phenomena  of  a  circle  of  waves  created  by  throw- 
ing a  stone  into  the  still  waters  of  a  pond.  When  his  toy  boat 
gets  beyond  his  reach,  he  attempts  to  make  it  approach  the 
shore  by  throwing  stones  beyond  it,  thus  causing  waves  to 
arise  on  the  surface  of  the  water.  The  first 
wave  that  reaches  the  boat  causes  it  to  rise ; 
as  that  wave  passes,  the  boat  falls  ;  each  suc- 
ceeding wave  creates  a  vertical  motion  extend- 
ing above  and  below  the  water  level,  so  that 
the  boat  alternately  rises  and  falls,  but  does 
not  move  in  a  horizontal  direction.  Another 
stone  thrown  creates  another  succession  of 
waves,  and  the  toy  vibrates  vertically,  but 
does  not  get  nearer  the  shore.  Again,  if  one 
takes  a  rope  a  few  feet  in  length,  hanging 
vertically,  the  upper  end  being  held  in  the 
hand,  while  the  lower  end  is  free,  and  a  to- 
and-fro  horizontal  motion  be  given  to  the 
hand,  the  rope  will  be  thrown  into  the  form 
of  a  line  of  undulation  or  waves,  which  move 
continually  from  the  top  to  the  bottom.  The 
undulating  line  is  represented  in  Fig.  18  by 
the  dotted  curves.  Each  particle  of  the  rope 
moves  in  a  horizontal  direction  ;  perhaps  this 
may  be  better  illustrated  by  tying  around  the 
rope  a  piece  of  tape,  at  some  point,  as  T,  in 
the  figure  ;  it  will  then  be  seen  that  during  the 
undulations  the  tape  moves  horizontally  to 
and  fro,  and  always  remains  at  the  same  distance  from  the 
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ground.  If  the  hand  moves  in  a  straight  line  in  a  horizontal 
plane,  the  tape  also  moves  horizontally  in  a  straight  line.  If 
the  hand  moves  in  the  horizontal  plane  in  an  elliptic  or  circu- 
lar line,  the  tape  will  move  in  a  horizontal  plane  around  its 
position  of  equilibrium,  following  the  form  of  the  curve 
described  by  the  hand.  The  above  illustrations  serve  to 
show  the  mechanism  of  the  wave  motion  of  elastic  ether. 
It  will  be  seen  that  luminous  waves  travel  in  a  direction  per- 
pendicular to  the  planes  in  which  the  individual  particles  of 
ether  oscillate.  In  elastic  fluids,  as,  for  example,  in  air,  the 
sonorous  vibrations  are  propagated  parallel  to  the  direction 
in  which  the  particles  oscillate,  as  may  be  illustrated  by 
placing  side  by  side,  in  close  apposition,  a  number  of  elliptic 
springs ;  if  one  end  of  the  series  be  put  in  motion,  this  will 
pass  from  one  to  another,  and  the  movement  of  the  indi- 
vidual particles  of  each  spring  will  be  in  the  direction  of  the 
line  of  propagation. 

When,  in  elastic  ether,  the  vibrating  particles  move  in 
straight  lines,  the  light  is  said  to  be  polarized  in  straight 
lines  ;  if  the  motion  is  elliptical  or  circular,  the  polarization  is 
elliptical  or  circular ;  two  rays  polarized  in  straight  lines,  the 
directions  of  oscillation  being  perpendicular  to  each  other, 
are  said  to  be  polarized  at  right  angles.  Light  is  non- 
polarized when  there  is  a  uniform  mixture  of  all  kinds  of 
polarized  light  emanating  from  a  luminous  source.  Light  is 
said  to  be  simple,  monochromatic,  or  homogeneous,  when  each 
particle  of  ether  oscillates  in  the  same  track,  in  the  same 
time,  and  with  the  same  velocity ;  the  time  that  it  takes  for 
a  particle  to  make  one  to-and-fro  movement  is  called  the 
duration  of  the  oscillation.  Natural  light  that  emanates  from 
luminous  bodies  is  not  ordinarily  simple  or  homogeneous 
light,  having  a  constant  duration  of  oscillation,  but  it  con- 
tains innumerable  waves,  having  constant  successions  of  the 
most  diverse  durations  or  periods  of  oscillation ;  hence, 
ordinary  natural  light  is  a  mixture  of  light,  or  compound 
light.  In  Fig.  18,  the  line  A  h!  represents  the  position  of 
the   rope  at  rest.     When  put  in   motion   by  the  hand,  the 
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dotted  line  a  b  a'  b'  a2  represents  the  position  the  particles 
of  ether  at  first  assume,  when  simple,  straight-line  polar- 
ized light  is  propagated  along  the  line  A  A'.  The  particles 
displace  one  another  with  uniform  rapidity  of  motion,  and 
the  waves  on  the  line  A  A'  are  of  uniform  length.  Each 
particle  leaves  the  line  A  A'  in  regular  succession,  and  makes 
its  horizontal  to-and-fro  movement  in  a  uniform  period  of 
time.  During  the  time  of  one  oscillation  the  light  travels 
the  length  of  one  wave,  which  comprises  the  distance 
between  c  and  c' .  The  Icngtli  of  a  wave  is  the  distance 
which  separates  two  corresponding  points,  as  two  con- 
secutive portions  of  the  undulating  line.  The  intensity  of 
light  depends  on  the  amplitude  of  the  vibrations ;  by  this 
term  is  understood  the  extent  of  the  motion  of  the  particles 
of  ether  to  and  fro  across  the  line  of  propagation.  The 
amplitude  of  vibrations  diminishes  as  the  distance  increases  ; 
the  intensity  of  light  diminishes  inversely  as  the  square  of 
the  distance  from  the  luminous  source.  Experiments  show 
that  the  intensity  of  light  is  in  proportion  to  the  square  of  the 
amplitude  of  the  vibrations ;  it  is  also  proportional  to  the 
square  of  the  maximum  velocity  of  the  vibrating  particle, 
according  to  the  law  of  inverse  squares. 

The  wave  theory  of  light  was  first  adopted  by  Huyghens, 
and  afterwards  advocated  by  Euler,  who  thought  that  light, 
like  sound,  was  the  result  of  undulating  motion.  Young 
and  Fresnel  both  entertained  similar  views.  "These  two 
eminent  philosophers,  while  adducing  whole  classes  of  facts 
inexplicable  by  the  emission  theory,  succeeded  in  estab- 
lishing the  most  complete  parallelism  between  optical  phe- 
nomena and  those  of  wave  motion.  The  justification  of  a 
theory  consists  in  its  exclusive  competence  to  account  for 
phenomena.  On  such  a  basis  the  wave  theory,  or  the  umiu- 
latory  theory  of  light,  now  rests,  and  every  day's  experience 
only  makes  its  foundation  more  secure."  (Tyndatt.) 

Every  known  phenomenon  connected  with  light  is  now 
explained  in  accordance  with  the  theory  of  wave  motion, 
4 


5<D  PHYSICAL    OPTICS. 

and  in  the  elucidation  of  the  laws  governing  the  movement 
of  luminous  waves,  theory  has  pointed  out  phenomena  that 
should  occur,  under  certain  specified  conditions,  provided  it 
were  correct,  and  experiments  have  invariably  shown  that  the- 
oretical predictions  founded  on  these  laws  have  proved  true. 

Prismatic  Dispersion. 

After  having  become  thoroughly  familiar  with  the  undu- 
lation theory  of  light,  we  are  now  prepared  to  explain  the 
phenomena  of  prismatic  dispersion,  producing  the  solar 
spectrum  illustrated  above. 

The  waves  of  ether  generated  by  luminous  bodies  vary 
greatly  in  length.  The  time  of  propagation  of  all  the 
luminous  waves  is  uniformly  and  constantly  the  same  in  a 
homogeneous  medium ;  hence,  the  shorter  waves  must 
vibrate  with  proportionally  greater  rapidity  in  order  to  keep 
pace  with  the  movements  of  the  longer  ones,  but  this  uni- 
formity varies  when  light  passes  from  one  medium  to  another. 
Light  waves  are  retarded,  in  passing  through  transparent 
bodies,  in  proportion  to  the  density  of  the  medium  traversed. 
In  the  ether  of  space,  and  in  gases,  all  rays  or  waves  travel 
with  equal  rapidity ;  consequently,  undulations  of  ether  gen- 
erated by  the  sun,  on  reaching  the  earth,  give  pure  white 
light.  In  refracting  substances,  short  waves  are  more 
retarded  than  longer  ones ;  hence,  the  former  are  more 
highly  refracted  than  the  latter,  so  that  when  they  emerge 
from  the  refracting  body  their  courses  are  no  longer  the 
same.  The  cause  of  dispersion  is  thus  explained.  In  the 
solar  spectrum  the  red  ray  is  refracted  least,  because  the 
length  of  a  red  wave  is  only  about  3-5^00  °f  an  inch,  while 
the  length  of  a  violet  wave,  which  is  refracted  most,  is  the 
57(5oo  of  an  mcn  ;  the  waves  forming  the  intermediate  colored 
rays  have  each  different  lengths,  varying  according  to  their 
relative  positions  in  the  spectrum;  it  is  the  length  of  the 
ethereal  waves  that  characterizes  the  different  kinds  of  light. 
There  being  39,000  undulations  of  the  red  ray  to  the  inch, 
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and  light  travelling  192,000  miles  in  a  second,  it  follows,  that 
in  a  second  of  time  474,439,680,000,000  waves  enter  the  eye 
and  impinge  on  the  retina  to  cause  the  sensation  of  red- 
colored  light;  an  increased  number  causes  the  sensation  of 
orange  ;  the  next  increase  gives  yellow  ;  then  in  regular  order 
green,  blue,  indigo,  and  when  the  violet  is  reached,  the  num- 
ber of  vibrations  that  enter  the  eye  in  a  single  second  of  time 
amounts  to  699,000,000,000,000 ;  it  requires  this  number  of 
wave  impulses  to  fall  on  the  special  nerves  of  vision  to  pro- 
duce the  sensation  of  violet-colored  light.  The  sensation  of 
a  particular  color,  then,  depends  on  the  number  of  luminous 
waves  which  enter  the  eye  in  a  given  period  of  time.  So  in 
sound,  the  pitch  depends  on  the  number  of  air  waves  that 
reach  the  auditory  nerve  in  a  second.  The  result,  in  each 
instance,  is  caused  by  the  action  of  mechanical  forces  on  the 
nerves  of  special  sensation. 

Dark  or  Invisible  Rays. 

In  referring  to  Fig.  iy,  it  will  be  seen  that  the  dotted  lines 
D  D',  V  V  represent  rays  that  do  not  produce  luminous 
sensations  ;  hence,  they  are  called  dark  or  invisible  rays  ;  the 
least  refracted  ones,  D  D'  —  the  infra-red  —  are  known  as 
heat  rays.  The  ultra-violet,  V  V,  are  the  most  refrangible 
of  all  the  rays  of  the  spectrum,  and  are  known  as  chemical  or 
actinic  rays.  The  undulations  of  the  former  are  not  suffi- 
ciently rapid  to  produce  luminous  sensations  ;  those  of  the 
latter  are  too  frequent  to  cause  a  sensation  of  light.  All 
the  luminous  rays  produce  more  or  less  heat,  but  the  heat- 
ing quality  belongs  in  a  much  higher  degree  to  the  invisi- 
ble infra-red  rays.  A  most  wonderful  provision  of  nature 
exists  to  neutralize  the  effects  of  heat  rays  entering  the  eye, 
and  prevent  their  reaching  the  delicate  nervous  structure. 
Otherwise  the  powerful  direct  or  reflected  calorific  rays  of 
the  sun,  concentrated  on  the  retina  by  the  refractive  media 
of  the  eye,  would  destroy  that  organ.  Becquerel  states  that 
Tyndall  admitted  into  his  eye  a  cone  of  concentrated  calorific 
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rays,  from  coals  heated  to  incandescence  by  an  electric  lamp. 
The  illuminating  rays  were  removed  by  passing  them  through 
a  solution  of  iodine  in  sulphuret  of  carbon.  He  experienced 
no  sensation  of  heat  at  the  fundus  of  the  eye,  but  if  the  rays 
fell  on  the  lids,  the  sensation  of  heat  was  at  once  felt.  A 
sheet  of  platina,  placed  in  the  position  occupied  by  the  eye, 
instantly  came  to  a  lively  red  heat  The  immunity  of  the 
eye  from  the  injurious  heating  effects  of  the  calorific  rays, 
is  due  to  the  fact  that  they  are  to  a  very  great  extent 
absorbed  by  the  aqueous  and  vitreous  humors ;  the  aqueous 
and  fluid  part  of  the  vitreous  is  composed  of  almost  pure 
water,  which  is  rapidly  removed  by  absorption  and  renewed 
by  secretion ;  hence,  the  absorbed  heat  is  removed  by  con- 
stant transudation.  Janssen  and  Frantz  found  by  experiment 
that  the  fluid  contents  of  the  eye  have  the  power  of  absorb- 
ing heat  equal  to  that  of  water. 

From  ignited  carbon  points,  the  energy  of  the  invisible 
calorific  rays  is  about  eight  times  greater  than  that  of  all 
the  luminous  rays  combined,  while  in  the  direct  light  from 
the  sun  it  is  probable  that  the  proportion  of  heat  to  the 
illuminating  rays  is  much  greater.  Luminous  rays  can  be 
quenched  by  passing  the  beam  of  light  through  some  sub- 
stance that  absorbs  them ;  the  invisible  ultra-red  rays  can 
then  be  brought  to  a  dark  focus,  in  which  non-refractory 
metals  can  be  fused  and  refractory  ones  heated  to  incan- 
descence. These  dark  rays,  then,  become  luminous,  which, 
on  dispersion  by  means  of  a  prism,  give  all  the  colors  of 
the  spectrum.  The  illumination  thus  obtained  is  called 
calorcsccnce.  The  rapidity  of  the  vibrations  of  the  dark 
infra-red  rays  is  sufficiently  increased  to  produce  luminous 
sensations.  The  relative  intensity  of  the  calorific,  luminous, 
and  chemical  rays  is  shown  in  Fig.  19.  It  is  seen  that  the 
heating  effect  gradually  diminishes  from  the  red  rays  of  the 
spectrum  to  the  violet,  at  which  latter  color  it  is  scarcely 
perceptible. 

Heat  rays  are  reflected  from  the  surfaces  of  polished  bodies 
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in  the  same  manner  as  luminous  rays ;  those  not  reflected 
or  repelled  may  traverse  a  transcalent  body,  or  they  may  be 
in  part  or  wholly  absorbed;  in  the  latter  case,  the  temper- 
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ature  of  the  body  is  increased.  All  bodies  have  the  power 
of  radiating  or  throwing  off  heat  which  they  have  absorbed. 
The  absorbing  and  radiating  powers  of  a  substance  for  heat 
are  regarded  as  equal. 

Fluorescence. 

The  ultra-violet  rays  extend  far  beyond  the  limits  of  the 
ordinarily  visible  part  of  the  solar  spectrum,  and  are  remark- 
able for  their  powerful  chemical  action.  The  rapidity  of 
their  vibrations  is  too  great  to  cause,  under  ordinary  cir- 
cumstances, luminous  sensations.  If  the  number  of  vibra- 
tions producing  these  rays,  can,  for  a  given  period  of  time, 
be  lessened,  their  refrangibility  is  sufficiently  decreased  to 
cause  them  to  fall  in  the  luminous  portion  of  the  spectrum, 
where  they  cause  sensations  of  light.  This  result  can  be 
accomplished  by  passing  the  chemical  rays  through  a  solu- 
tion of  the  sulphate  of  quinine,  which,  in  ordinary  light, 
is  colorless.  The  rapidity  of  the  vibrations  is  diminished, 
and  the  solution  becomes  of  a  ghastly  pale  blue.  This 
phenomenon  is  known    as  fluorescence.      As    the    heat    rays 
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become  luminous  by  increasing  the  rapidity  of  their  vibra- 
tions, on  the  contrary,  the  chemical  become  luminous  by 
diminishing  the  number  of  their  vibrations  in  a  given  period 
of  time.  Other  substances  besides  quinine  present  in  a  high 
degree  the  phenomena  of  fluorescence,  among  which  may 
be  mentioned  uranium-glass,  aesculine,  and  platino-cyanide 
of  potassium.  Helmholtz  states  that  if  all  the  ordinarily 
luminous  rays  .be  completely  excluded  from  the  spectrum, 
the  ultra-violet  rays  are  directly  visible  to  the  eye  without 
the  intervention  of  a  fluorescent  substance ;  but  this  is  very 
difficult  to  accomplish,  because  all  refracting  surfaces  also 
reflect  the  light,  and  in  all  transparent  substances,  solid  or 
fluid,  a  small  quantity  of  light  is  irregularly  diffused  in  all 
directions,  which  communicates  to  the  field  of  vision  a  fee- 
ble illumination ;  it  is  white  because  the  diffused  light  has 
not  been  decomposed.  This  light,  although  very  feeble,  is 
sufficiently  intense  to  entirely  mask  the  ultra-violet.  Helm- 
holtz has  devised  an  apparatus,  consisting  of  two  prisms 
made  of  rock  crystal  —  for  glass  sensibly  absorbs  the  ex- 
treme ultra-violet  rays  —  and  two  narrow  slits,  so  arranged 
that  the  second  only  allows  to  pass  the  kind  of  light  to  be 
examined.  The  second  prism  receives  the  light  after  passing 
through  the  second  slit,  and  throws  it  on  a  screen,  or  on  a 
convex  lens  before  reaching  the  screen.  Under  these  con- 
ditions the  extreme  ultra-violet  rays  become  luminous,  and  a 
considerable  number  of  dark  lines  are  visible  in  the  spec- 
trum. The  cornea  and  crystalline  lens  are  fluorescent,  as 
can  easily  be  shown  by  throwing  the  ultra-violet  rays  into 
the  living  eye ;  the  lens  then  becomes  so  luminous  that  its 
position  and  form  can  be  recognized  behind  the  iris  much 
better  than  by  ordinary  light.  The  fluorescent  crystalline 
diffuses  a  large  quantity  of  bluish-white  light  on  the  fundus 
of  the  eye,  but  fluorescent  light  does  not  give  a  sharply 
defined  retinal  image. 
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Phosphorescence. 

Certain  substances  have  the  power  of  absorbing  luminous 
rays  when  exposed  to  their  influence;  this  result  may  be 
accompanied  by  chemical  effects ;  sometimes  it  produces 
light,  and,  probably,  always  heat.  If  the  chemical  effect 
reproduces  light,  the  body  acted  on  emits  light  in  every 
sense ;  it  is  different  from  absorbed  light  both  in  color  and 
composition  —  the  body  becomes  of  itself  luminous.  This 
luminous  state  is  called  phosphorescence  if  it  lasts  longer  than 
the  action  of  the  exterior  light;  and  fluorescence,  or  true 
interior  dispersion,  if  it  ceases  as  soon  as  the  exterior  light  is 
removed.  The  phosphorescence  produced  by  exposing  for 
some  time  certain  mineral  or  organic  substances  to  the 
action  of  solar  or  diffuse  light,  or  from  other  luminous 
sources,  shows  itself  by  these  substances  becoming  of  them- 
selves luminous,  and  shining  in  darkness,  with  a  colored  light 
dependent  on  the  nature  of  their  physical  condition  ;  the 
light  which  they  emit  gradually  diminishes  in  intensity,  until 
it  disappears  in  a  time  varying  from  a  few  seconds  to  many 
hours.  When  again  exposed  to  the  action  of  light,  the  same 
effect  is  produced;  the  intensity  of  the  light  emitted  is 
always  much  less  than  the  incident  light.  Some  substances, 
as  the  sulphate  of  strontian,  of  barium,  and  of  calcium,  give 
all  the  shades  of  the  spectrum,  from  the  red  to  the  violet; 
the  precious  stones  emit  a  yellow  or  bluish  light.  Becquerel 
states  that  he  has  seen  a  fragment  of  green  fluorine  and  two 
white  diamonds  give  out  light  for  an  hour  after  insolation, 
which  indicates  that  these  materials  have  a  great  capacity 
for  phosphorescence. 

The  Pure  Spectrum  —  Spectrum  Analysis. 

In  the  spectrum  formed  by  an  ordinary  dispersing  prism, 
the  different  colors  overlap  or  run  into  each  other ;  there  is 
no  sharp  line  of  demarcation  between  them.  In  order  to 
obtain   a  pure   spectrum,   in   which   the   line   of  separation 
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between  the  different-colored  rays  is  sharply  defined,  it  is 
necessary  to  permit  a  thin  slice  of  light,  obtained  from  a 
beam  passing  through  a  very  narrow  slit  in  a  metal  plate,  to 
be  dispersed  by  a  prism,  and  to  increase  the  dispersion  by 
means  of  one  or  more  additional  prisms.  An  instrument 
constructed  for  this  purpose  is  called  a  Spectroscope,  or  light 
analyzer.  Light,  from  whatever  may  be  its  source,  in  passing 
through  the  spectroscope,  is  decomposed,  and  the  degree  of 
refrangibility  of  its  rays  can  be  accurately  determined.  All 
gases,  when  heated  to  incandescence,  and  all  incandescent 
vapors  of  metals,  have  each  a  spectrum  peculiar  to  itself. 
In  order  to  obtain  the  spectrum  of  a  metal,  as,  for  illustra- 
tion, sodium,  a  piece  of  platinum  wire  covered  wi.h  a  solu- 
tion of  common  salt  —  which  contains  sodium  as  its  base  — 
is  introduced  into  the  flame  of  an  alcohol  lamp ;  upon  look- 
ing through  the  spectroscope,  a  bright  yellow  ray  soon 
appears,  which  exclusively  belongs  to  the  spectrum  of 
sodium.  Lithium  gives  two  principal  rays — one  a  feeble  yel- 
low, the  other  a  bright  red;  the  characteristic  rays  of  potas- 
sium are  a  red  and  a  violet.  Calcium  gives  a  vivid  green, 
an  orange,  and  a  blue  ray.  Strontian  gives  eight  rays,  six 
red,  one  orange,  and  one  blue.  Thallium  gives  a  single  line 
of  green  of  exceeding  brightness.  All  salts  having  metallic 
bases  give  the  same  spectrums  as  the  bases  themselves. 

Fraunhofer's  Lines. 

Fraunhofer  was  a  glass-cutter  in  Straubing,  but,  by  hard 
labor  and  perseverance,  he  became  one  of  the  ablest  opticians 
of  his  age.  In  1817  he  noticed  the  phenomena — previously 
discovered  by  Wollaston,  according  to  English  accounts 
—  that  the  light  of  the  sun,  treated  in  the  manner  above 
described,  does  not  produce  a  perfectly  continuous  spectrum  ; 
across  its  face  he  saw  innumerable  dark  lines,  caused  by  the 
absence  of  corresponding  rays.  These  have  since  received 
the  name  of  Fraunhofer  s  Lines.  To  recount  for  their  appear- 
ance  in  the   solar   spectrum   remained   for  a  long  time  an 
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unsolved  problem.  The  mystery  was  finally  explained  by 
KirchhofT.  It  is  now  an  established  law  that  every  body  is 
specially  opaque  to  such  rays  as  it  can  itself  emit  when 
heated  to  incandescence  ;  hence,  gases  heated  to  whiteness, 
and  the  incandescent  vapors  of  all  metals,  do  not  transmit 
light  of  their  own  color  ;  when  they  surround  a  luminous 
body,  the  spectrum  from  the  light  is  found  to  be  intersected 
by  numerous  dark  bands,  between  which  are  different-colored 
lights.  The  dark  lines  are  produced  by  vapors,  which  absorb 
or  quench  the  rays  of  light  of  their  own  color.  The  vapor 
of  every  metal,  and  of  every  incandescent  gas,  gives  series 
of  bright  bands,  each  peculiar  to  itself,  and  unchangeable  ; 
hence,  when  their  number,  width,  and  positions  in  the  spec- 
trum are  known  for  each  vapor  or  gas,  any  one  or  more  of 
the  metals  or  gases  can  be  detected  and  positively  deter- 
mined to  be  present  in  the  atmosphere  surrounding  the 
source  of  illumination,  by  the  arrangement  of  the  dark  lines 
according,  both  in  number  and  positions,  with  the  spectrum 
of  these  substances  as  seen  in  the  spectroscope.  Incandes- 
cent vapor  does  not  transmit  rays  from  a  luminous  nucleus 
which  it  itself  emits ;  consequently,  these  are  wanting,  and 
their  places  are  occupied  by  dark  lines ;  these  accurately 
correspond  to  the  bright  lines  of  the  spectrum  of  the  inter- 
posed body ;  remove  the  luminous  nucleus,  and  the  incan- 
descent vapor  gives  to  the  dark  lines  the  bright  ones  of  its 
own  spectrum.  The  spectoscope  reveals  many  dark  lines  in 
the  solar  spectrum  exactly  identical,  both  in  number  and 
position,  with  the  bright  spectrum  of  many  earthly  bodies 
when  heated  to  incandescence  ;  hence,  it  is  proved  beyond 
a  doubt  that  these  substances  are  mingled  with  the  solar 
atmosphere.  The  presence  around  the  sun  of  hydrogen, 
copper,  zinc,  chromium,  nickel,  magnesium,  barium,  calcium, 
and  sodium  is  thus  rendered  certain.  The  same  method  of 
observation  reveals  to  us  the  fact  that  many  elementary  con- 
stituents of  the  planets,  fixed  stars,  comets,  and  nebulous 
formations  are  identical  with  those  existing  in  this  little  spot 
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in  creation  —  the  earth  —  and  that  the  latter  is  thus  shown 
to  be  but  a  fragment  of  one  stupendous  whole,  formed  from 
identical  chemical  constituents.  It  is  just  what  astronomers 
have  for  a  long  time  suspected,  but  only  recently  absolutely 
proved  by  spectrum  analysis.  No  star  of  sufficient  bright- 
ness to  form  a  spectrum  has  yet  been  found  that  does  not 
give  dark  lines  indicating  the  presence  of  earthly  con- 
stituents. The  atmosphere  of  the  star  Aldebaran  indicates 
the  presence  of  hydrogen,  sodium,  magnesium,  calcium,  iron, 
bismuth,  tellurium,  antimony,  and  mercury.  The  atmos- 
phere of  the  star  Alpha  Ononis  contains  sodium,  magne- 
sium, calcium,  iron,  and  bismuth. 

Phenomena  of  Interference. 

A  circle  of  waves,  created  by  throwing  a  stone  on  the  still 
water  of  a  lake,  was  referred  to  above  as  an  illustration  of 
the  undulatory  theory  of  light.  To  illustrate  the  phenomena 
of  interference,  two  stones  may  be  simultaneously  cast  on 
the  water,  and  falling  some  distance  apart,  two  concentric 
circles  of  waves  will  be  created,  as  shown  in  Fig.  20,  having 


Figure  20. 

their  origin  in  the  points  A  A'.  If  the  amplitude  of  each 
system  be  the  same,  the  advancing  wave  of  each  will  meet 
at  a  point  equally  distant  from  the  two  centres,  as  at  e  ;  here 
the  elevation  will  be  doubled  ;  the  combined  waves  will  form 
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one  of  twice  the  amplitude  of  either  before  meeting.  The 
first  depression,  or  sinus,  of  one  system  reaches  the  point  e 
at  the  same  time  as  the  first  sinus  of  the  other  system  of 
waves,  and  through  their  joint  action  the  depression  is  double 
that  of  either  sinus  taken  singly.  The  same  results  follow 
the  meeting  of  all  corresponding  crests  and  sinuses  of  the 
two  systems.  When  these  do  not  correspond  there  will  be 
a  certain  point  where  the  ascending  wave  of  one  system 
meets  the  descending  wave  of  the  other  system ;  at  this 
point  the  water  will  remain  at  rest,  because  one  wave  just 
neutralizes  the  other.  Neutralization  of  forces  takes  place 
when  one  wave  is  retarded  by  the  distance  of  half  its  length. 
The  maximum  disturbance  and  the  neutralization  of  motion, 
by  equally  opposing  forces,  will  occur  in  regular  succession, 
and  form  lines  of  double  disturbance  and  no  disturbance ; 
the  former  are  indicated  in  the  figure  by  the  points  where 
the  circles  intersect  each  other ;  the  distance  between  points 
of  intersection  being  the  width  of  one  or  more  waves,  or  by 
an  even  number  of  half  waves.  The  latter  —  the  points  of 
no  disturbance  —  are  situated  at  distances  from  the  centres, 
differing  by  the  length  of  half  a  wave  or  by  an  odd  number 
of  half  waves. 

The  interference  of  two  systems  of  waves  of  light  with 
each  other  is  illustrated  by  Fig.  21.  If  two  rays  of  light, 
proceeding  in  the   direction   of  A  A',  have  each   the  same 


Figure  21. 

intensity,  each  will  have  the  same  amplitude  of  motion.  If 
the  waves  of  the  first  ray  exactly  coincide  with  those  of  the 
second,  the  intensity  of  illumination  will  be  increased  two- 
fold. If  one  be  retarded  exactly  the  length  of  half  a  wave, 
then  the  ascending  wave  of  one  system  of  rays  would  meet 
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the  descending  wave  of  the  other,  and  the  two  would  neu- 
tralize each  other ;  all  particles  on  the  line  A  A'  would  cease 
to  vibrate,  and  darkness  would  be  the  result.  Thus,  in  the 
figure,  a  a  a  represents  the  system  of  waves  of  one  ray; 
a'  a'  a't  the  system  of  the  other  retarded  by  the  length  of 
half  a  wave.  If  the  first  descending  wave  a  meets  the 
ascending  wave  a' ,  at  tnt  then  the  particles  of  ether  at  m  will 
remain  at  rest,  because  they  are  acted  on  by  two  equally 
opposing  forces. 

One  system  of  waves  acted  on  by  another  system  in  such 
a  manner  as  to  augment,  diminish,  or  destroy  the  oscilla- 
tory motion,  is  called  interference,  and  if  applied  to  waves 
of  ether,  interference  of  light.  As  shown  above,  light  added 
to  light  produces  darkness,  when  waves  from  two  sources 
exactly  neutralize  each  other.  When  the  neutralization  is 
not  complete,  a  great  variety  of  the  most  beautiful  phe- 
nomena is  produced.  Each  degree  of  retardation  of  the 
waves  of  one  ray,  in  reference  to  those  of  another  ray,  which 
accompanies  it,  produces  a  different  effect.  Perhaps  no  ex- 
periment shows  this  more  beautifully  than  the  soap-bubble, 
in  which  one  ray  of  light  strikes  the  outer  surface  and  is 
reflected ;  another  ray  passes  through  to  the  inner  surface 
and  is  there  reflected.  The  second  ray  is  retarded  just  in 
proportion  to  the  thickness  of  the  walls  of  the  pellicle  form- 
ing the  bubble,  because  it  has  to  pass  through  the  pellicle 
twice  —  first  direct,  second  by  reflection ;  hence,  it  emerges 
just  twice  the  thickness  of  the  wall  of  the  bubble  behind 
the  first  ray ;  at  the  beginning,  when  the  liquid  sphere  is  of 
small  diameter,  the  pellicle  which  surrounds  its  contour  is 
transparent  and  colorless.  Gradually,  as  the  air  is  blown 
into  the  interior,  pressing  equally  all  parts  of  the  concave 
surface,  its  diameter  increases  at  the  expense  of  its  thickness. 
At  each  moment,  as  the  pellicle  grows  thinner,  the  emerging 
ray  has  a  different  degree  of  retardation,  when  compared  to 
the  first  reflected  ray.  As  the  bubble  commences  to  expand, 
feeble  colors  appear ;   then  they  become  more  vivid ;   one 
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series  of  colors  are,  in  rapid  succession,  followed  by  other 
series,  forming,  by  their  mixture,  a  multitude  of  most  beau- 
tifully variegated  colors,  changing  constantly  up  to  the 
moment  that  the  bubble  bursts.  Each  new  display  of  colors 
represents  a  different  degree  of  interference  as  the  retarded 
light  wave  changes  its  relations  to  the  first  reflected  ray. 
When  the  bubble  was  very  small,  it  reflected  white  light ; 
just  before  bursting,  at  the  top  a  dark  spot  appears.  New- 
ton found,  by  experiment,  a  limit  to  the  thickness  of  all 
transparent  objects,  below  which  they  become  invisible  in 
reflected  light,  and  another  limit  in  thickness  above  this, 
beyond  which  they  only  reflect  white  light.  In  the  soap- 
bubble,  the  former  limit  is  attained  when  the  dark  spot 
appears;  in  the  latter,  just  before  the  colors  begin  to  appear. 
Between  these  two  limits  of  maximum  and  minimum  thick- 
ness appear  all  of  the  beautiful  phenomena  of  variegated  and 
changing  colors.  When  the  thickness  of  the  pellicle  exceeds 
TfisVoufi  of  an  inch,  it  reflects  white  light;  when  its  thickness 
is  reduced  to  |  of  a  millionth  of  an  inch,  it  ceases  to  reflect 
light,  and  a  black  spot  is  formed. 

Diffraction,  or  the  Inflection  of  Light. 

It  was  one  of  the  arguments  used  by  Newton  against  the 
undulation  theory  of  light,  that  if  it  were  true  we  could  see 
around  a  corner  —  that  shadows  could  not  exist;  now  this 
bending  round  a  corner  does  actually  take  place,  but  it  is 
only  manifest  under  certain  conditions,  because,  ordinarily, 
the  different  portions  of  the  bent  or  inflected  waves  destroy 
each  other  by  interference. 

In  1665,  Grimaldi  described,  for  the  first  time,  phenomena, 
to  which  he  gave  the  name  they  still  preserve,  the  Phe- 
nome?ta  of  Diffraction. 

Diffraction,  or  Inflection  of  Light,  is  understood  to  be  the 
bending  of  waves  of  light  around  the  edges  of  opaque 
bodies. 

Grimaldi,  having  introduced  a  small  beam  of  light,  through 
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a  minute  opening,  into  a  dark  room,  noticed  that  the  shadows 
of  narrow  opaque  bodies,  held  in  the  course  of  the  light, 
were  much  larger  than  when  the  size  of  the  beam  corre- 
sponded to  or  had  a  greater  diameter  than  the  width  of  the 
opaque  body.  The  shadows  from  the  small  bundle  of  rays 
were  bordered  by  colored  fringes,  that  were  parallel  with 
the  sides  of  the  opaque  bodies.  The  fringes  disappeared 
when  the  light  passed  through  a  larger  hole.  When  the 
light  was  admitted  through  a  very  small  round  hole  in  a 
metal  plate  and  received  on  a  screen,  he  obtained  concentric 
rings  of  colored  fringes,  some  situated  in  the  geometric 
image  of  the  opening,  others  outside  of  these,  or  in  the  shade 
of  the  metal  plate.  He  then  made  two  openings  very  near 
each  other,  and  saw  two  series  of  rings,  one  in  part  super- 
posing the  other,  besides  a  series  of  dark  straight  lines, 
which  disappeared  when  one  of  the  holes  was  closed,  thus 
showing  by  direct  experiment  that  light  added  to  light  pro- 
duces darkness. 

Newton  studied  these  phenomena,  and  endeavored  in  vain 
to  explain  them  on  the  principles  of  the  emission  theory  of 
light;  it  remained  for  Fraunhofer,  Young,  and  Fresnel  to 
account  for  them  by  the  theory  of  wave  motion,  called  by 
Young  the  principle  of  interference,  the  truth  of  which 
Fresnel  afterwards  demonstrated  by  his  famous  experiment 
with  his  two  mirrors.  The  phenomena  of  diffraction  is 
easily  shown  by  holding  a  thin  object,  as  a  knife-blade, 
with  its  flat  surface  parallel  with  a  screen  on  which  a  beam 
of  sunlight  falls.  The  shadow  from  the  edge  of  the  knife 
will  be  bordered  by  a  series  of  different-colored  fringes. 
If  monochromatic  light  be  employed,  the  fringes  will  be 
simply  light  and  dark  shades.  If  a  thick  wire  be  used,  the 
fringes  will  be  seen  on  both  sides  of  the  shadow.  If  a  thin 
wire  or  a  hair  be  substituted,  the  geometric  shadow  itself 
will  have  parallel  stripes,  showing  that  the  luminous  waves 
bend  around  the  sides  of  the  body.  These  effects  are  not 
produced  if  the  opening  in  the  shutter  admits  too  large  a 
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beam  of  light.  If  the  source  of  light  be  sufficiently  large, 
the  shadows  of  small  objects  are  entirely  obliterated  at  a  cer- 
tain distance  from  the  screen.  For  illustration,  if  a  hair  or  a 
pin  be  held  two  or  three  feet  from  a  screen  which  receives  the 
full  blaze  of  the  sun,  the  shadow  will  be  entirely  obliterated 
or  washed  out.  So,  in  the  eye,  certain  minute  opaque  bodies, 
always  found  in  the  refractive  media,  produce  no  shadows 
on  the  retina  when  the  light  is  admitted  through  the  full 
size  of  the  pupil.  As  will  hereafter  be  shown,  if  the  light 
be  admitted  through  a  small  hole  in  a  card,  these  minute 
bodies  cast  visible  shadows  on  the  fundus  of  the  eye. 

The  phenomena  of  interference  is  one  of  the  fundamental 
properties  of  light,  but  under  ordinary  circumstances  it  is 
not  evident,  owing  to  the  causes  of  disturbance  exactly  com- 
pensating each  other.  If  one-half  of  the  compensating  sys- 
tem be  removed,  the  disturbance  produced  by  the  remaining 
half  immediately  shows  itself.  For  illustration  :  if,  on  the 
surface  of  a  highly-polished  plate  of  steel,  fine  lines  be 
traced  to  the  number  of  five  or  six  hundred  to  the  line  of 
measure,  it  then  reflects  a  great  number  of  divergent  cones 
of  light;  these  cones  interfere  at  their  edges  without  com- 
pensation, because  corresponding  rays  are  not  reflected  by 
the  grooves  which  occur  at  regular  intervals.  A  great  variety 
of  brilliant  iridescent  tints  are  now  seen  on  exposing  the 
grooved  surface  to  the  light.  The  varied  hues  of  the 
feathers  of  birds,  the  variegated  colors  of  the  mother-of-pearl 
and  of  many  shells,  owe  their  diversified  tints  to  their 
extremely  thin  lamina,  the  edges  of  which  form  a  series  of 
grooves  upon  their  surfaces,  which  destroy  the  compensat- 
ing half  of  the  illuminating  waves. 

Colors  of  Thin  Plates. —  The  beautifully  variegated  colors 
of  thin  transparent  substances  are  dependent  for  their  origin 
upon  interference  of  light,  as  illustrated  in  the  soap-bubble 
above  alluded  to.  Glass  blown  very  thin  gives  a  great 
variety  of  beautiful  tints ;  the  iridescent  colors  of  the  wings 
of  certain  insects,  the  varied  hues  of  crystals  —  as  of  mica  — 
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when  split  in  very  thin  plates,  lead  skimmings,  the  oxidation 
of  the  surfaces  of  plates  of  steel  in  the  process  of  cooling, 
oil  spread  on  the  surface  of  water,  etc.,  are  examples  of 
brilliant  and  variegated  hues  produced  by  interference  of 
illuminating  waves  of  elastic  ether. 

Measurement  of  the  Waves  of  Light. 

If  two  small  apertures  be  made  with  a  pin  in  a  very  thin 
metal  plate,  and  on  each  of  these  holes  monochromatic  light 
be  concentrated  by  strong  lenses,  the  points  of  light  filling 
these  holes  become  independent  centres  of  wave  motion, 
from  each  of  which  divergent  cones  of  light  will  proceed. 
If  a  screen  be  held  parallel  with  the  metal  plate,  and  at  such 
a  distance  that,  when  the  bottom  marginal  rays  of  the  cone 
from  the  upper  luminous  hole,  standing  perpendicular  to  the 
screen,  is  met  by  the  top  marginal  rays  of  the  cone  proceed- 
ing from  the  lower  point  of  light,  the  waves  of  the  two  cones 
will  superpose  each  other,  and  there  will  be  series  of  light 
and  dark  circular  bands.  The  waves  of  the  lower  cone  of 
light  falling  obliquely  on  the  screen,  while  those  from  the 
upper  fall  on  it  perpendicularly,  have  a  greater  distance  to 
pass  over ;  consequently,  when  the  two  systems  meet  inter- 
ference takes  place. 

To  form  the  bright  bands,  which  have  double  the  intensity 
of  the  light  from  a  single  illuminating  point,  a  crest  of  a 
wave  of  one  system  must  coincide  with  the  crest  of  a  wave  of 
the  other.  When  the  distance  travelled  by  the  two  rays  differs 
by  an  even  number  of  half  undulations,  the  two  halves  being 
equal  to  one  entire  undulation,  maximum  brightness  ensues. 
When  they  differ  by  an  odd  number  of  half  waves,  dark- 
ness results.  If  one  of  the  openings  admitting  the  light  be 
closed,  the  dark  bands  disappear.  The  measurement  of  the 
width  of  one  of  these  bands  gives  the  data  for  the  calculation 
of  the  length  of  the  wave  of  the  light  used  in  the  experi- 
ment. Different  kinds  of  light  require  that  the  oblique  rays 
meet   the   perpendicular    ones    on    the    screen,   at    different 
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degrees  of  obliquity,  according  to  the  length  of  the  waves 
belonging  to  each  particular  kind  of  light  used.  The  bands 
are  broadest  in  red  and  narrowest  in  violet  light. 

Double  Refraction  —  Polarization. 

Bartholin,  a  distinguished  Swedish  physician  about  the 
middle  of  the  seventeenth  century,  in  examining  a  crystal 
of  Iceland  spar,  found  that  when  he  saw  objects  through  it 
they  appeared  double.  Twenty  years  later  Huygens,  the 
originator  of  the  now  almost  universally  adopted  wave 
theory  of  light,  investigated  the  phenomena,  and  gave  it  the 
name  of  Double  Refraction.  Phenomena  of  the  same  nature 
have,  since  that  time,  been  studied  in  all  their  various 
phases,  and  the  laws  governing  them  elucidated  and 
explained  according  to  the  principles  of  the  undulatory 
theory  of  light.  The  rays  that  produce  the  ordinary  image 
are  governed  by  the  laws  of  simple  refraction,  and  this  image 
is  fixed.  The  extraordinary  image  executes  a  rotation 
around  the  first,  and  the  rays  that  form  it  are  governed  by 
laws  peculiar  to  themselves  ;  the  ratio  of  the  sines  of  the 
angles  of  incidence,  and  of  the  angles  of  refraction,  is  not 
a  constant  quantity.  In  1808,  Malus,  in  looking  through  a 
bi-refractive  prism  at  one  of  the  windows  of  the  Luxembourg 
Palace,  at  Paris,  from  which  the  solar  light  was  reflected, 
discovered  that,  if  the  prism  was  held  in  a  certain  position, 
the  ordinary  image  of  the  window  nearly  disappeared,  leav- 
ing the  extraordinary  image  ;  while  in  a  position  perpendicu- 
lar to  this  the  extraordinary  image  disappeared  and  the 
ordinary  one  became  visible.  Light  thus  acted  upon  is  said 
to  be  polarized.  This  property  is  best  studied  and  under- 
stood by  means  of  the  bi-refractive  crystal  called  tourmaline, 
which  has  its  molecular  groupings  so  arranged  that  one  of 
the  rays  is  rapidly  quenched,  while  the  other  is  freely 
transmitted.  It  is  proper  to  remark,  that  in  all  positions 
the  relative  intensity  of  the  two  images  does  not  vary ; 
the   brightness   of  each   is   less   than  that  of  the    luminous 
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object,  and  when  the  images  are  made  to  superpose,  their 
combined  brightness  equals  that  of  the  object.  The  prism 
of  Nicol  is  also  used  in  investigating  the  property  of  polari- 
zation ;  this  prism  is  made  from  a  long  parallelopiped  crystal 
of  Iceland  spar,  which  has  been  sawed  in  two  pieces  by  a 
very  oblique  section.  The  newly-cut  surfaces,  after  being 
polished,  are  replaced  in  their  original  positions  and  fastened 
together  by  means  of  Canada  balsam.  When  a  ray  of  light 
penetrates  this  prism,  it  is  divided  by  the  first  section,  and 
the  ordinary  ray  totally  reflected  at  the  surface  of  junction; 
the  extraordinary  ray  passes  through  the  second  half  of  the 
crystal  and  emerges  from  its  opposite  face.  Tourmaline 
produces  a  similar  effect  by  largely  absorbing  the  ordinary 
ray.  This  property  of  the  crystal  was  discovered  by  Biot  in 
1815.  When  a  prism  of  tourmaline  is  split  into  layers,  two 
or  three  lines  in  thickness,  parallel  to  its  axis,  then  luminous 
objects  appear  through  a  layer  as  if  seen  through  colored 
glass.  If  one  layer  be  interposed  perpendicularly  between 
the  eye  and  a  candle,  the  latter  will  be  seen  equally  clear 
and  distinct  in  all  positions  of  its  axis,  and  the  situation  of 
the  candle,  as  regards  the  horizon,  will  be  unchanged.  If  the 
first  lamina  be  fixed,  and  the  second  lamina  of  tourmaline  be 
interposed  between  the  first  one  and  the  eye,  on  turning  the 
former  slowly  in  its  own  plane  a  very  curious  phenomena 
takes  place  —  the  candle  will  become  alternately  visible  and 
invisible  at  each  quarter  of  the  revolution  of  the  layer,  in 
passing  through  all  degrees  of  brightness,  from  its  maximum 
to  almost  total  obscurity.  The  maximum  brightness  is  when 
the  axes  are  parallel  to  each  other,  as  they  were  originally  in 
the  crystal ;  and  the  greatest  obscurity  obtains  when  these 
axes  are  perpendicular  to  one  another  —  that  is,  when  they 
cross  at  right  angles ;  although  two  pieces  of  the  crystal 
are  perfectly  transparent,  yet,  when  their  axes  cross  each 
other  perpendicularly,  scarcely  any  light  is  transmitted,  and 
objects  are  invisible  through  them.  Light  is  polarized  by 
reflection  as  well  as  by  refraction.     When  a  bundle  of  natural 
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rays  fall  on  a  non-metallic  mirror,  as  black  glass,  marble, 
obsidian,  etc.,  it  acquires  the  same  qualities  as  if  it  had  been 
divided  by  passing  through  a  bi-refractive  crystal ;  it  is  polar- 
ized. If  a  plate  of  black  glass  be  placed  on  a  table  before 
an  open  window,  in  such  a  position  as  to  throw  into  the  eyes, 
at  an  angle  of  350,  the  reflected  light  from  the  clouds,  then, 
without  changing  the  position  of  the  eyes,  if  a  layer  of  tour- 
maline, cut  parallel  to  its  axis,  be  placed  before  them  and 
turned  in  its  own  plane,  we  notice  the  following  changes  : 
If  the  axis  of  the  tourmaline  be  in  the  vertical  plane,  the 
bright  image  of  the  clouds  disappears,  the  reflecting  surface 
of  the  glass  is  obscured,  and  its  central  portion  becomes 
entirely  black.  When,  on  the  contrary,  its  axis  is  horizon- 
tal, that  is,  parallel  to  the  plate  of  glass,  the  obscurity 
entirely  passes  away,  and  the  clouds  are  visible  in  their  primi- 
tive brightness.  This  brightness  gradually  diminishes  as 
the  layer  of  tourmaline  passes  from  the  second  to  the  first 
position.  When  the  angle  of  incidence  has  another  value, 
the  image  is  not  entirely  extinguished.  The  angle  of  polari- 
zation varies  with  different  substances :  For  obsidian,  it  is 
540  40';  for  topaz,  580  40';  for  diamond,  68°  2'.  As  the 
object  of  these  notes  is  only  to  give  such  information  as  will 
enable  the  reader  to  comprehend  the  various  phenomena 
connected  with  vision,  and  as  the  laws  governing  double 
refraction  and  polarization  belong  to  a  special  department 
of  optics,  and  have  no  immediate  connection  with  the  optical 
or  physiological  manifestations  of  vision,  the  limits  of  this 
work  permit  us  only  very  briefly  to  refer  to  this  interesting 
subject. 


PART   II. 
PHYSIOLOGICAL  OPTICS. 


PHYSICAL  optics  treats  of  the  properties  and  laws  of 
light. 

Physiological  optics  is  the  study  of  such  of  these  proper- 
ties and  laws  as  have  a  direct  connection  with  the  visual 
perceptions,  through  the  eye,  as  an  optical  instrument. 

To  this  optical  apparatus  is  attached  the  retina  —  a  nervous 
expansion  —  that  receives  impressions  of  light  emanating 
from  exterior  bodies,  which,  when  transmitted  to  the  brain 
by  the  optic  nerve,  create  sensations  which  make  us  con- 
scious of  the  existence  of  objects  situated  in  space. 

The  visual  perceptions  are  usually  treated  of  under  three 
heads,  viz. : 

1st.  The  dioptrics  of  the  eye,  embracing  the  study  of  the 
course  of  light  through  the  refractive  media. 

2d.  The  study  of  the  sensations  experienced  from  the 
action  of  light  on  the  expansion  of  the  optic  nerve,  without 
regard  to  the  perception  or  recognition  of  exterior  objects. 

3d.  The  study  of  the  interpretations  of  visual  sensations, 
by  which  means  we  form  definite  ideas  of  the  existence, 
form,  and  position  of  objects  situated  in  space. 

It  will  not  be  attempted  here  to  minutely  treat  of  the 
dioptrics  of  the  eye ;  the  subject  is  a  long  and  complicated 
one,  requiring  a  thorough  knowledge  of  the  higher  mathe- 
matics for  a  complete  comprehension  of  it  in  all  its  various 
departments.     This  branch  will  only  be  elucidated  so  far  as 
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may  be  necessary  to  obtain  a  general  idea  of  the  course  of 
rays  of  light  in  the  refractive  media  of  the  eye,  of  the  forma- 
tion of  images,  of  the  size  of  circles  of  diffusion,  etc.,  and 
to  determine  and  explain  the  causes  of  errors  of  refraction 
and  other  defects  of  the  eye  as  an  optical  instrument. 

Anatomical  Construction  of  the  Eye. 

The  eye  is  composed  of  certain  almost  perfectly  trans- 
parent refractive  media ;  namely,  the  cornea,  the  aqueous 
humor,  the  crystalline  lens  enclosed  in  its  capsule,  and  the 
vitreous  humor;  of  the  retina,  a  nervous  expansion  of  the 
optic  nerve,  in  which  is  formed  the  image  of  the  object ;  of 
the  choroid  coat,  a  dark  smooth  cushion,  on  which  the  ner- 
vous expansion  rests ;  of  the  sclerotic  coat,  a  strong,  firm, 
dense  fibrous  membrane,  that  retains  the  form  of  the  eye, 
and  protects  the  delicate  internal  structures  from  injury; 
of  the  optic  nerve,  which  conveys  to  the  brain  the  impres- 
sions made  by  luminous  rays  or  waves  of  ether  on  the  retina; 
of  the  iris,  a  curtain  placed  in  front  of  the  crystalline  lens, 
forming  the  pupil,  which  contracts  and  dilates  so  as  to  admit 
the  proper  quantity  of  light  into  the  eye  ;  of  the  ciliary  mus- 
cle, or  muscle  of  accommodation,  which  acts  so  as  to  adjust 
the  eye  for  seeing  distinctly,  objects  placed  at  different  dis- 
tances, besides  of  arteries,  veins,  and  absorbent  vessels. 
The  eyes,  resting  on  cushions  of  fatty  tissue,  are  placed  in 
bony  orbits,  and  are  moved  by  external  muscles  —  those  of 
the  two  eyes  acting  in  perfect  harmony,  under  control  of  the 
will  —  that  direct  the  visual  lines  to  the  part  of  the  object 
desired  to  be  sharply  seen.  The  eye,  as  an  optical  instru- 
ment, is  of  a  most  perfect  design,  but  more  or  less  imper- 
fectly constructed.  The  chief  refracting  surfaces  are  not 
spherical.  The  cornea  is  the  vertical  section  of  an  ellipsoid 
with  three  diameters,  the  longest  of  which  corresponds  to 
the  ocular  axis,  which  passes  from  the  apex  of  the  cornea 
to  the  posterior  scleral  pole  ;  the  next  in  length  is  usually 
nearly  transverse,  and  the  shortest  one  vertical — the  latter  two 
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being  perpendicular  to  each  other,  and  both  are  perpendicular 
to  the  former.  Nor  are  the  different  meridians  of  either  of 
the  two  surfaces  of  the  crystalline  lens  symmetrical,  but  the 
meridian  of  maximum  curvature  is  usually  horizontal  and 
the  minimum  vertical.  If  the  cornea  were  the  vertical  section 
of  an  ellipse  rotated,  the  curvatures  would  be  the  same  in  all 
of  its  meridians  —  but  this  regularity  is  rarely,  if  ever,  found; 
hence,  it  follows  that  different  planes  of  light  from  a  bundle 
of  homocentric  rays,  after  being  refracted  by  the  anterior 
surface  of  the  cornea,  are  not  directed  to  exactly  the  same 
point;  this  deviation,  arising  from  inequalities  in  the  degree 
of  the  curvatures  of  its  different  meridians,  is  known  as 
astigmatism  of  the  cornea.  Similar  inequalities  existing  in 
the  degrees  of  curvatures  in  the  different  meridians  of  one 
or  of  both  the  surfaces  of  the  crystalline  lens  give  rise  to 
lenticular  astigmatism ;  but  here,  as  the  meridian  of  greatest 
curvature  is  usually  horizontal,  and  the  meridian  of  least 
curvature  vertical,  these  positions  partly  correct  the  effects 
of  the  asymmetrical  formation  of  the  cornea.  It  sometimes, 
however,  happens  that  the  meridians  of  greatest  and  least 
curvatures  of  the  crystalline  lens  correspond  to  similar  me- 
ridians of  the  cornea ;  then  the  sum  of  the  corresponding 
maximum  and  minimum  degrees  of  curvatures  of  the  dif- 
ferent meridians  constitutes  the  total  astigmatism. 

The  subject  of  astigmatism  forms  a  separate  chapter  in  the 
Third  Part  of  this  work,  but  in  order  that  the  reader  may 
satisfy  himself  by  actual  experiments,  before  going  farther, 
that  his  own  eyes  are  not  perfectly  constructed,  the  following 
simple  methods  of  determining  this  fact  are  here  given  : 

Most  persons  can  easily  prove  the  asymmetrical  forma- 
tions of  the  different  meridians  of  curvature  of  the  chief 
refracting  surfaces  of  the  eye,  by  drawing  on  a  piece  of 
paper  two  fine  black  lines,  crossing  each  other  at  right 
angles,  and  holding  them  in  front  of  one  eye  (the  other 
being  closed),  in  such  a  position  that  the  lines  correspond 
with  the  maximum  and  minimum  meridians  of  curvature  of 
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the  cornea  —  one  being  vertical  the  other  horizontal.  By 
looking  at  the  lines  through  a  convex  lens  of  ten  inches 
focus,  when  the  eye  is  accurately  adjusted  to  see  the  vertical 
line  sharply  defined,  the  horizontal  one  is  pale  and  indis- 
tinct. If  the  distance  of  the  paper  be  changed  so  that  the 
horizontal  line  is  very  black  and  clearly  seen,  the  vertical 
one  becomes  pale  and  indistinctly  defined.  If  a  blackened 
card  be  perforated  with  a  fine  needle,  and  placed  against  a 
piece  of  frosted  or  milky  glass,  or  white  gauze  paper,  and 
held  to  the  light  at  such  a  distance,  the  hole  is  seen  round 
and  sharply  defined  in  the  focus  of  a  strong  convex  lens 
placed  before  the  eye ;  then,  if  the  card  be  moved  a  little 
nearer  the  eye,  the  hole  becomes  elongated  horizontally  ;  if 
carried  beyond  the  accurately  adjusted  focus,  the  hole  be- 
comes elongated  vertically.  If  a  narrow  slit,  half  a  line  or 
a  line  in  width,  be  made  in  a  card  or  metal  plate,  and  the 
slit  be  held  before  the  eye  to  correspond  with  the  vertical 
meridian,  horizontal  lines  are  seen  nearest  to  the  eye.  On 
the  contrary,  vertical  lines  are  seen  at  a  greater  distance 
when  the  slit  is  turned  to  correspond  with  the  horizontal 
meridian.  The  reason  of  this  will  be  explained  under  the 
head  of  Astigmatism.  The  axes  of  the  cornea  and  crystal- 
line lens  are  not  accurately  centred  ;  the  axis  of  the  latter 
cuts  the  cornea  at  the  temporal  side  of  its  zenith.  The  plane 
of  the  equator  of  the  lens  does  not  rest  quite  parallel  to  the 
base  of  the  cornea.  The  eye  is  not  perfectly  achromatic ; 
when  accurately  adjusted  for  sharp  vision,  the  extreme  red 
rays  fall  to  the  outside  of  the  fovea  centralis,  on  less  sensi- 
tive portions  of  the  retina,  but  under  ordinary  circumstances 
produce  no  perceptible  impressions.  It  was  for  a  long  time 
thought  that  the  eye  was  perfectly  achromatic,  and  such 
was  the  opinion  of  Euler  and  Newton  ;  Young  first  showed 
the  incorrectness  of  these  views.  We  also  find  spherical 
aberration  and  a  phenomenon  known  as  fluorescence.  These 
defects  in  the  eye  are,  under  ordinary  circumstances,  com- 
pensated for  through  partial  psychical  suppression,  the  senso- 
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rium  taking  cognizance  only  of  the  brighter  and  more  per- 
fectly formed  central  portion  of  the  retinal  image,  so  that  the 
defects,  when  not  of  too  high  a  degree,  are  unobserved,  and 
it  is  only  by  careful  experiments  that  they  can  be  detected. 
Their  existence,  however,  led  Helmholtz  to  make  the  follow- 
ing remark:  "Now,  it  is  not  too  much  to  say  that,  if  an 
optician  wanted  to  sell  me  an  instrument  which  had  ail  these 
defects,  I  should  think  myself  quite  justified  in  blaming  his 
carelessness  in  the  strongest  terms,  and  giving  him  back 
his  instrument." 


Dioptrics  of  the  Eye. 

The  interior  of  the  eye  is  a  dark  chamber  containing  re- 
fractive media,  through  which  all  incident  light  must  pass  in 
order  to  reach  the  retina, —  the  expansion  of  the  optic  nerve 
covering;  the  fundus  and  sides  of  the  chamber, —  in  which 
is  formed  a  small  inverted  image  of  an  object  looked  at.  That 
the  image  is  real,  inverted,  and  much  smaller  than  the  object, 
is  easily  shown  by  taking  an  eye  from  an  animal  recently 
killed,  and  carefully  removing  the  posterior  part  of  the 
sclerotic  and  choroid  coats,  leaving  the  retina  intact ;  then, 
by  placing  a  lighted  candle  in  front  of  the  eye,  the  miniature 
inverted  image  of  the  flame  is  easily  seen  shining  through 
the  retina.  The  image  is  more  sharply  defined  if  a  small 
portion  of  the  retina  be  removed,  and  a  thin  piece  of  glass 
or  mica  placed  in  the  opening.  The  ophthalmoscope  also 
enables  us  to  see  images  formed  on  the  retina  of  the  human 
eye,  by  looking  into  it  through  the  pupil.  It  was  shown  in 
the  part  of  this  work  devoted  to  physical  optics,  that  all 
actual  images  are  formed  either  by  convex  refracting  or  con- 
cave reflecting  surfaces.  In  the  eye  we  have  only  to  treat 
of  refraction  of  light  by  a  series  of  spherical,  or  nearly 
spherical  surfaces,  each  one  having  a  different  degree  of 
curvature,  forming  in  the  aggregate  a  compound  lens.  In 
ordinary    dioptrical    calculations,    this     compound    lens    is 
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regarded  as  having  a  system  composed  of  three  convex 
revolution  surfaces,  with  their  axes  centred,  that  is,  all  rest- 
ing in  a  single  straight  line.  The  first  of  these  is  the  ante- 
rior surface  of  the  cornea ;  second,  the  anterior  surface  of 
the  crystalline  lens ;  third,  the  posterior  surface  of  the  crys- 
talline, or,  we  may  say,  the  anterior  surface  of  the  vitreous 
humor.  Owing  to  the  fact  that  light  passes  from  the  air, 
a  very  rare  medium,  to  the  cornea,  one  of  much  greater 
density,  its  anterior  surface,  which  has  a  radius  of  curva- 
ture of  eight  millimetres,  is  by  far  the  most  important  of 
the  three  refracting  surfaces,  it  alone  bending  parallel  rays 
of  light  towards  a  point  situated  about  five  lines  behind 
the  retina.  The  posterior  surface  of  the  cornea  having 
an  index  of  refraction  about  the  same  as  the  aqueous 
and  vitreous  humors,  namely,  1*3366,  is  not  taken  into  con- 
sideration in  dioptrical  calculations.  The  aqueous  humor, 
then,  is  regarded  as  extending  to  the  anterior  surface  of  the 
cornea.  The  combined  refractive  power  of  the  two  surfaces 
of  the  crystalline  lens  is  much  less  than  the  anterior  surface 
of  the  cornea,  and  if  its  structure  were  homogeneous,  like 
glass  or  crystal,  mathematical  calculations  prove  that  it 
would  fail  to  bring  parallel  rays,  after  being  refracted  by  the 
cornea,  to  a  focus  on  the  bacillar  layer  of  the  retina.  Its 
power  is  increased  by  the  peculiarity  of  its  formation,  being 
composed  of  a  firm  nucleus  covered  by  numerous  layers,  of 
densities  decreasing  as  they  approach  the  exterior,  each  sur- 
face of  which  adds  to  its  refractive  power,  and  it  is  through 
the  combined  action  of  the  different  layers  that  the  images 
of  the  objects  are  formed  at  the  precise  point  necessary  for 
distinct  vision.  In  consequence  of  the  laminated  structure  of 
the  crystalline  lens,  with  refractive  power  increasing  towards 
the  centre,  its  index  of  refraction  is  higher  even  than  that 
of  the  central  nucleus.  Listing  has  placed  the  coefficient  of 
refraction  at  1*455.  The  retina,  in  which  are  formed  the 
images  of  objects,  is  not  equally  impressible  in  all  its  parts. 
Its  most  sensitive  portion  is  the  yellow  spot  (macula  luted),  in 
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the  centre  of  which  there  is  a  small  depression  {fovea  cen- 
tralis). It  is  this  part  of  the  retina  that  always  fixes  the 
point  of  an  object  directly  looked  at,  and  it  is  immediately 
around  the  centre  of  this  depression  that  the  images  of 
objects  are  formed  when  the  latter  are  sharply  seen. 

It  was  for  a  long  time  thought  that  the  macula  lutea  was 
situated  at  the  posterior  scleral  pole  —  that  is,  the  point 
where  the  long  axis  of  the  cornea  falls  on  the  fundus  of  the 
eye  —  a  point  situated  about  midway  between  the  external 
edge  of  the  optic  disk  and  the  inner  edge  of  the  yellow  spot; 
but  Helmholtz  and  others  have  shown  that  such  is  not  the 
case.  The  macula  lutea  is  at  the  outside  of  the  posterior 
scleral  pole,  so  that  the  visual  line  —  that  is,  the  line  that 
passes  from  the  fovea  centralis  through  the  optical  centre  of 
the  eye  to  the  point  of  the  object  fixed  —  forms  an  angle 
with  the  common  axis  of  the  refracting  surfaces,  assumed  to 
correspond  with  the  long  axis  of  the  cornea.  This  is  shown 
in  Fig.  22  :  A  A,  represents  the  long  axis  of  the  cornea  pro- 
longed outwards  ;  V  V,  the  visual  line  passing  from  the 
yellow  spot  through  k,  the  optical  centre,  to  the  point  of  an 
object    directly  looked   at   or  fixed ;    o   is    the   optic   nerve 


Figure  22. 

entrance.  The  visual  line  cuts  the  cornea  inside  of  its  zenith 
and  slightly  above  its  horizontal  meridian.  In  the  emme- 
tropic eye  the  horizontal  deviation  forms,  with  the  long  axis 
of  the  cornea,  an  angle  of  from  two  to  six  degrees ;  verti- 
cally, the  deviation  is  from  one  to  three  degrees.  The  visual 
line  passing  in  front  of  the  eye  a  little  above  the  horizontal 
meridian,  the  fovea  centralis  must  be  situated  slightly  below 
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this  meridian.  {Helmholtz.)  As  the  visual  line  passes  through 
a  secondary  axis  of  the  compound  dioptric  system,  it  is  not  a 
straight  line ;  in  front  it  passes  straight  from  the  point  of 
fixation  to  the  anterior  nodal  point,  then  in  a  straight  line, 
parallel  to  the  first,  from  the  posterior  nodal  point  to  the  fovea 
centralis.  The  part  outside  of  the  eye  is  called  the  line  of 
direction  ;  that  part  within  the  eye,  the  ray  of  direction.  The 
point  of  intersection  of  the  latter  with  the  retina  gives  the 
position  of  the  image.  As  before  stated,  the  refractive  media 
of  the  eye  may  be  regarded  as  a  compound  lens,  composed 
of  three  convex  refracting  surfaces,  with  curvatures  so 
adjusted  that,  in  the  perfectly  constructed  eye,  parallel  rays 
of  light  are  united  in  a  focus  exactly  on  the  sensitive  layer 
of  the  retina.  Although  there  are  no  terrestrial  rays  of 
light  that  are  absolutely  parallel,  yet  they  are  so  regarded 
when  emanating  from  a  point  twenty  feet  or  more  distant. 
The  farthest  point  of  distinct  vision,  when  the  eye  is  in  a 
quiescent  state,  represents  its  natural  refractive  condition ; 
when  this  is  such  that  parallel  rays  of  light  are  brought  to 
a  focus  precisely  on  the  sensitive  layers  of  the  retina,  the  eye 
is  said  to  be  emmetropic  ;  the  retina  is  situated  exactly  in  the 
focus  of  the  refractive  media. 

Accommodation. —  If  objects  be  brought  nearer  than 
eighteen  or  twenty  feet  distant,  the  rays  of  light  falling  on 
the  cornea  are  divergent,  and  after  refraction  are  directed  to 
a  point  behind  the  retina ;  the  images  are  blurred  and 
indistinct.  As  the  retina  cannot  move  backwards  to  the 
focus  for  distinct  near  vision,  a  change  must  take  place  in  the 
eye  to  increase  its  refractive  power,  and  this  change,  which 
is  known  as  accommodation,  must  vary  just  in  proportion  to 
the  distance  at  which  the  object  looked  at  is  situated.  In 
what  does  this  change  consist?  The  answer  to  this  question 
has  called  forth  every  imaginable  hypothesis.  It  has  been 
attributed  to  an  elongation  of  the  visual  axis  ;  to  an  altera- 
tion in  the  position  or  form  of  the  lens  ;  to  contraction  of 
the  pupil ;    to  changes   in  the   degree   of  convexity   of  the 
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cornea  —  some  have  even  denied  the  existence  of  any  active 
change.  Kepler  spent  three  years  in  endeavoring  to  solve 
the  problem,  and  finally  came  to  the  conclusion  that  it  was 
owing  to  an  alteration  in  the  form  of  the  eye.  Thomas 
Young  thought  that  accommodation  of  the  eye  was  due  to 
an  increase  in  the  convexity  of  the  surfaces  of  the  lens ;  but 
as  physiologists  were  at  that  time  not  aware  of  the  existence 
of  muscular  fibres  in  the  eye,  the  reasons  which  he  gave  for 
his  views  were  not  understood,  "  and  his  doctrine  scarcely 
found  a  place  in  the  long  list  of  incorrect  opinions  and  haz- 
ardous suggestions,  which  were  constantly  anew  brought 
forward."     {Bonders) 

The  key  to  unlock  this  hidden  mystery  was  found  by 
Purkinje,  when  he  discovered  faint  images  of  the  flame  of  a 
candle  formed  by  the  cornea  and  each  of  the  two  surfaces  of 
the  crystalline  lens.  Any  one  can  see  these  images  by  placing 
a  lighted  candle  so  that  the  rays  strike  the  surfaces  at  an  angle 
of  thirty  degrees  with  the  corneal  axis,  and  fixing  his  eye 
at  a  similar  angle  on  the  other  side ;  a  small  erect  image  of 
the  flame,  formed  by  reflection,  from  the  anterior  surface  of 
the  cornea  is  seen,  also  an  erect  one  from  the  anterior  surface 
of  the  lens,  and  a  smaller  inverted  image  formed  from  its 
posterior  surface,  or  rather  from  the  anterior  surface  of  the 
vitreous  humor.  Max  Langenbeck  and  Donders  both  at- 
tempted to  measure  the  size  of  these  images,  before  and  after 
accommodation,  but  owing  to  their  indistinctness  and  small 
size  the  results  of  their  labors  were  not  very  satisfactory. 

Cramer  magnified  the  images  from  ten  to  twenty  diam- 
eters, and  thus  made  any  changes  that  might  occur  much 
more  manifest.  He  found  that,  in  accommodation,  the 
images  reflected  from  the  cornea  underwent  no  change ;  the 
one  from  the  anterior  surface  of  the  lens  became  smaller  and 
approached  the  cornea.  The  small  inverted  image  from  the 
posterior  surface  of  the  lens  did  not  become  perceptibly 
smaller  nor  change  position.  Hence,  the  conclusion  he 
arrived  at  was,  that,  in  accommodation,  the  curvature  of  the 
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cornea  undergoes  no  change  ;  that  the  anterior  surface  of  the 
lens  becomes  more  convex  and  approaches  the  cornea ;  that 
the  posterior  surface  of  the  lens  does  not  move  forward  nor 
become  more  convex.  Helmholtz,  without  the  knowledge 
of  Cramer's  investigations,  made  similar  experiments,  and 
arrived  at  the  same  results,  except  that  he  found  the  image 
from  the  posterior  surface  of  the  lens  became  perceptibly 
smaller.  By  means  of  an  instrument  called  the  Phacoidoscope, 
the  size  of  these  images  can  be  measured ;  then  the  radius 
of  curvature  of  the  surface  producing  each  image  can  be  cal- 
culated with  mathematical  accuracy.  Dr.  Knapp  has  proved 
that  the  changes  in  the  form  of  the  crystalline  lens  are  suffi- 
cient to  account  for  the  most  ex- 
tended range  of  accommodation, 
and  the  same  has  been  proved  by 
Donders  and  others.  Fig.  23, 
after  Donders,  shows  by  the  curved 
lines  the  form  of  the  lens  when  at 
rest,  that  is,  when  adjusted  for  in- 
finite distance.  The  dotted  lines 
indicate  its  form  when  adjusted 
for  the  nearest  point  of  distinct  vision. 

Mechanism  of  Accommodation. 

The  following  changes  take  place  in  the  adjustment  of  the 
eye  for  seeing  objects  situated  at  different  distances : 

1st.  The  pupil  contracts  in  near  and  dilates  in  distant 
vision. 

2d.  The  middle  of  the  anterior  surface  of  the  crystalline 
and  the  pupillary  border  of  the  iris  move  forward  in  accom- 
modation for  objects  nearer  than  infinite  distance. 

3d.  The  convexity  of  the  anterior  surface  of  the  lens 
increases  for  near  and  diminishes  for  distant  vision. 

4th.  The  inverted  image,  from  the  posterior  surface  of  the 
lens,  is  a  little  smaller  in  near  vision,  indicating  a  slight 
increase  in  the  convexity  of  the  posterior  surface  of  the  lens. 
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5th.  C.  Voelkers  and  V.  Hensen  have  proved  that  during 
accommodation  the  choroid  coat  moves  forward. 

These  alterations  in  form  and  position  are  shown  in  Fig. 
24,  which  represents  a  horizontal  section  of  the  anterior 
part  of  an  eye ;  the  left  half  of  the  figure  (F)  represents  the 


Figure  24,  (after  Helmholtz.) 


eye  at  rest ;  the  right  half  (N)  gives  the  form  and  position 
of  the  parts  when  the  eye  is  accommodated  for  the  nearest 
point  of  distinct  vision.  In  the  eye  at  rest  it  is  seen  that 
the  iris  (a)  forms  a  curve  near  Schlemm's  canal  (S).  On  the 
opposite  side,  in  which  the  eye  is  accommodated  for  near 
vision,  the  circular  fibres  of  the  iris  are  contracted,  diminish- 
ing the  size  of  the  pupil,  with  simultaneous  contraction  of 
the  longitudinal  fibres,  straightening  its  periphery  (b)\  the 
anterior  chamber  is  lengthened  and  diminished  in  depth. 

The  question  next  arises,  what  produces  these  changes  in 
the  interior  of  the  eye  during  accommodation.  It  was 
formerly  thought  that  the  iris  and  the  external  ocular  mus- 
cles assisted  in  the  adjustment  of  the  eye  for  near  vision, 
but  in  cases  of  paralysis  of  the  latter,  and  in  some  instances 
which  have  occurred  in  which  the  former  has  been  entirely 
removed,  the  accommodation  has  remained  normal.     Anat- 
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omists  have  discovered  that  what  was  formerly  described  as 
the  ciliary  ligament,  contains  muscular  fibres,  and  it  is  now 
known  as  the  ciliary  muscle  ;  it  is  definitely  settled  that  it 
alone  acts  in  increasing  the  convexity  of  the  surfaces  of  the 
crystalline ;  hence,  it  is  now  called  the  muscle  of  accom- 
modation. This  knowledge  is  of  great  importance  to  the 
ophthalmic  surgeon,  as  it  throws  new  light  on  many  hitherto 
obscure  affections,  formerly  regarded  as  nervous,  and  which 
are  now  known  to  be  the  result  of  excessive  muscular  action 
—  accommodative  asthenopia  —  a  condition  easily  overcome  by 
relieving  the  overstrained  muscle  by  means  of  convex  glasses. 
The  precise  manner  in  which  the  ciliary  muscle  acts  to  pro- 
duce these  accommodation  changes,  is  not  yet  satisfactorily 
determined.  The  muscle  does  not  rest  in  contact  with  the 
equator  of  the  lens.  Most  physiologists  adopt  the  theory 
of  Helmholtz,  who  thinks  that  the  lens,  which  has  a  certain 
innate  elasticity,  is  kept  flattened  by  the  zonula  zinnii,  through 
its  action  on  the  capsules ;  that  the  ciliary  muscle,  which  is 
triangular,  contains  longitudinal  and  circular  muscular  fibres, 
having  such  attachments  that  when  they  contract  the  zonula 
is  relaxed  and  the  tension  of  the  capsules  diminished  ;  the 
pressure  being  removed,  the  crystalline  then  assumes  its  natu- 
rally more  convex  form.  Helmholtz'  views  are  in  accordance 
with  the  fact  that,  after  death,  when  the  pressure  from  the 
zonula  ceases,  the  lens  is  found  to  be  smaller  in  circumference, 
and  its  middle  thicker,  than  when  the  eye  is  at  rest  during 
life.  It  is  proper  to  add  that  Cramer  thinks  the  periphery 
of  the  iris  presses  on  the  anterior  surface  of  the  crystalline 
near  its  equator,  preventing  its  posterior  surface  from  moving 
forward,  thus  assisting  the  ciliary  muscle,  by  its  action,  to 
make  the  anterior  surface  of  the  lens  still  more  convex.  Our 
present  exact  knowledge  of  accommodation,  and  of  the 
mechanism  by  which  it  is  accomplished,  simple  as  it  now 
seems  to  us,  has  only  been  arrived  at  after  an  immense 
amount  of  laborious  and  patient  research  —  one  physiologist 
after  another  finding  out  and  recording  some  new  point  bear- 
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ing  on  the  subject,  when  the  master  minds  of  Cramer  and 
Helmholtz,  utilizing  the  recorded  results  of  past  investiga- 
tors, added  others,  until  finally  they  have  given  the  whole 
subject  the  character  of  an  exact  science. 

Range  of  Accommodation. 

The  measure  of  the  distance  between  the  farthest  point  of 
distinct  vision,  r,  and  the  nearest  point  at  which  minute 
objects  can  be  sharply  seen,  p,  is  called  the  range  of  accom- 
modation, which  is  represented  by  — .     The  distance  of  r  from 

the  anterior  nodal  point  —  or,  it  is  sufficiently  accurate  for 
practical  purposes  to  say  from  the  optical  centre  of  the  eye 

—  is  represented  by  — ;  the  distance  of  p  from  the  same 
point,  by  -.  The  extent  of  the  range  of  accommodation  is 
found  and  expressed  by  the  following  formula, —  =——-.    In- 

APR 

finite  distance  is  represented  by  — .  To  apply  the  formula  --— 
— — — ,  suppose  a  person  with  emmetropic  eyes  —  eyes  that 

at  rest  are  adjusted  for  parallel  rays  (infinite  distance)  —  sees 
sharply  the  eye  of  a  cambric  needle  held  four  inches  from 
the  anterior  nodal  point.  His  eyes  were  at  rest  adjusted 
for  infinite  distance.  To  see  distinctly  the  eye  of  the  needle, 
the  divergent  rays  falling  on  the  cornea  must,  in  the  vitreous 
humor,  have  the  same  direction  that  parallel  rays  had 
when  the   eyes  were    looking  at  a  distant  object;    hence, 

— = J-=— .     The   amount  of  accommodation  exercised 

A      4       «>       4 

is  equal  to  an  auxiliary  lens  of  four  inches  focus  placed 
within  the  eye  ;  the  ciliary  muscle,  by  its  action,  increases  the 
convexity  of  the  crystalline  sufficiently  to  give  the  latter  an 
additional  power  of  \  ;  then,  the  divergent  rays  from  the  eye 
of  the  needle  take  the  same  course  in  the  vitreous  as  par- 
allel rays  have  when  the  muscle  of  accommodation  is  at  rest. 
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This  is  the  whole  object  of  adjustment ;  for  sharp  vision, 
whatever  may  be  the  distance  of  the  object  seen,  the  cone 
of  rays,  having  its  base  at  the  anterior  surface  of  the 
cornea,  must  have  its  apex  at  the  sensitive  part  of  the 
retina,  and  as  the  retina  cannot  change  its  position,  the  rays 
forming  the  cone  must  always  take  the  same  direction  in 
the  vitreous  humor  as  if  they  came  from  the  farthest  point 
of  distinct  vision.     As   another  illustration  of  the  formula 

-=- ,  suppose  r  be  12"  from  the  optical  centre  of  the  eye, 

and  />  be  4"  distant ;  then  -  = =  -.     The  ciliary  muscle 

1  ^  A        4        12       6  J 

can  adjust  the  eye  for  any  point  between  r  and  /,  that  is  on 
the  line  of  accommodation  ;  it  contracts  just  sufficiently  to 
make  the  apex  of  the  cone  of  rays  in  the  vitreous  fall  on  the 
bacillar  layer  of  the  retina.  At  /  its  tension  is  at  its  maxi- 
mum, and  if  the  object  be  brought  nearer,  its  image  becomes 
blurred  and  indistinct,  because  the  rays  in  the  vitreous  take 
another  direction,  forming  a  virtual  focus  behind  the  retina ; 
consequently,  no  distinct  image  is  formed  on  the  perceptive 
nervous  elements.  For  practical  purposes,  r  and  p  can  be 
ascertained  by  using  the  Test  Types  of  Snellen,  to  be  found 
at  the  end  of  this  book.  The  farthest  distance  at  which  No. 
XX.  can  be  easily  and  distinctly  seen,  gives  the  position 
of  rt  and  the  nearest  point  at  which  No.  1  can  be  read,  all 
the  letters  being  clearly  and  sharply  defined,  determines 
the  position  of  p.  If  it  be  desirable  to  obtain  the  situation 
of  the  near  point  with  greater  accuracy,  a  wire  optometer 
may  be  used,  or,  better  still,  a  small  point  of  light,  which 
changes  form  the  moment  the  eye  fails  to  accurately  accom- 
modate for  it. 

The  value  of  A  is  usually  expressed  in  Paris  inches. 
An  English  inch  is  equal  to  about  094  Paris  inch,  the 
proportion  being  very  nearly  as  16  to  17.  Most  of  the  trial 
glasses  in  use  in  this  country  are  of  French  manufacture  — 
Nachet's  lenses  being  adopted  as  the  standard.     Their  focal 
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distances  may  be  reduced  to  English  measurement  by  multi- 
plying them  by  17  and  dividing  the  result  by  16.  It  is 
important  that  this  should  be  borne  in  mind  in  the  adjust- 
ment of  spectacles,  particularly  when  the  stronger  numbers 
are  prescribed.  As  the  power  of  lenses  is  inversely  propor- 
tional to  their  focal  distances,  F  is  always  expressed  in  frac- 
tions; as,  1  :  F  or     .      If  the  focal  distance  be  negative,  it  is 

expressed  by  prefixing  the  sign  — ;  thus,  a  convex  glass  of 
12"  focal  length,  is  represented  by  -f  ,^,  or,  when  no  sign  is 
prefixed,  the  fraction  is  understood  as  defining  the  power  of 
a  convex  lens.  A  negative  glass  of,  for  example,  6"  focal 
distance,  is  expressed  by  —  |.  The  signification  of  the  fol- 
lowing marks  .ire:  'foot,"  inch,'"  line.  In  neutralizing 
errors  of  refraction,  the  distance  of  the  lens  from  the 
eye  must  be  taken  into  consideration  ;  for  example,  if  it 
be  desired  to  give  to  the  refractive  media  an  additional 
power  of  ,lu,  it  is  accomplished  by  placing  a  convex  glass  of 

half  an  inch  in  front  of  the  anterior  nodal  point.      If,  on 

the  contrary,  it  be  desirable  to  diminish  the  refractive  power 

of  the  eye  f*.  a  lens  of —       ,  held  half  an  inch  in  front  of  the 

anterior  nodal  point,  would  be  the  strength  of  the  required 
glass.  When  errors  of  refraction  are  determined  by  trial 
lenses,  to  be  accurate,  the  distance  at  which  the  glasses  are 
held  from  the  eye  must  be  subtracted  from  the  focal  lengths 
of  convex,  and  added  to  concave  lenses. 

Convergence. 

All  that  has  been  previously  said  in  reference  to  accommo- 
dation applies  to  monocular  vision.  We  now  come  to  treat 
of  single  vision  with  the  two  eyes  (binocular  vision),  pro- 
ducing an  effect  as  if  a  single  eye  was  placed  intermediate 
between  the  two,  with  a  visual  line  passing  from  it  to  the 
point  of  an  object  sharply  fixed.  To  accomplish  this  result, 
it  is  necessary  that  the  visual  lines  of  each  eye  should  be 
directed   to  the  same  point.     This  act  is  called  convergence, 
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which  is  effected  by  the  external  ocular  muscles,  those  of 
both  eyes  acting  in  perfect  harmony.  When  the  eyes  are 
directed  to  a  distant  object,  the  visual  lines  are  parallel.  If 
the  object  be  nearer  than  twenty  feet,  the  axes  converge  so 
as  to  meet  at  the  point  sharply  seen ;  hence,  the  degree  of 
convergence  must  vary  according  to  the  distance  of  the 
object  looked  at.  The  maximum  degree  is  attained  by  hold- 
ing a  small  object  at  the  nearest  point  of  distinct  binocular 
vision.  It  should  be  mentioned,  that  in  accommodation  and 
convergence  there  is  always  an  associated  contraction  of  the 
pupils.  The  line  of  convergence  extends  from  the  binocular 
near  point  to  the  farthest  point  of  clear  vision,  which,  in  the 
emmetropic  eyes,  reaches  to  an  infinite  distance.  The  visual 
axes  can  be  converged  so  as  to  meet  at  any  point  on  this 
line,  and  for  each  degree  of  convergence  there  is  a  corre- 
sponding amount  of  accommodation,  and  vice  versa  ;  hence 
arises  an  intimate  association  between  convergence  and 
accommodation  ;  but  these  associations  are  not  absolute,  for, 
with  a  certain  fixed  degree  of  convergence,  the  object  can 
be  brought  a  little  nearer  or  carried  a  little  farther  from  the 
eyes  without  impairing  the  sharpness  of  vision.  This  varia- 
tion is  called  relative  accommodation,  which  is  measured  by 
a  line  extending  from  the  nearest  to  the  farthest  points  of 
distinct  vision  with  a  fixed  degree  of  convergence.  Again, 
with  a  certain  fixed  amount  of  accommodation,  the  object 
can  be  slightly  changed  to  a  nearer  or  a  more  distant  point 
without  disturbing  the  sharpness  of  vision.  This  variation 
is  called  relative  convergence^  and  is  measured  by  a  line  drawn 
from  the  nearest  to  the  farthest  points  of  sharp  vision  with  a 
fixed  amount  of  accommodation.  These  relative  associations 
only  represent  possible  conditions  ;  they  cannot  be  main- 
tained for  any  considerable  length  of  time.  They  act  in 
equalizing  the  adjustment,  very  much  like  a  spring  in 
a  machine  equalizes  force  suddenly  applied.  In  quick 
and  successive  changes  of  the  distance  of  small  objects 
looked  at,  they  temporarily  preserve  uninterrupted  vision 
while  the  convergence  and   accommodation   are   becoming 
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accurately  adjusted.  To  the  surgeon  a  thorough  knowledge 
of  the  intimate  associations  existing  between  accommodation 
and  convergence  is  of  the  utmost  importance,  for  upon  it 
will,  in  a  great  measure,  depend  his  success  in  treating  many 
of  the  diseases  of  the  eye. 

The  following  formulas  represent  the  range  of  accommo- 
dation in  three  different  conditions  of  vision  :    I.  For  vision 

with  either  eye  separately,  —=-  —  -.     2.  For  relative  vision, 

A        r  i\ 

k=r~rk*  3-  Forbinocular'.t=p;-ir,- 

For  easy  vision,  relative  convergence  and  relative  accom- 
modation must  bear  a  certain  proportion  to  each  other,  and 
these  relations  cannot  long  be  disturbed  Without  inducing 
irritation  of  the  eye.  In  relative  accommodation,  that  part 
induced  by  relaxation  of  the  ciliary  muscle  is  negative,  while 
that  caused  by  an  increased  muscular  tension  is  positive. 
The  positive  should  bear  to  the  negative  a  relation  of  3:2. 

"  The  distinction  here  made  already  acquires  practical 
importance,  from  the  fact  that  the  accommodation  can  be 
maintained  only  for  a  distance,  at  which,  in  reference  to  the 
negative,  the  positive  part  of  the  relative  range  of  accommoda- 
tion is  tolerably  great '."     {Bonders) 

It  is  to  the  disturbance  of  these  normal  relative  associa- 
tions that  is  to  be  attributed  the  principal  cause  of  the  pain, 
retino-ciliary  irritation  and  conjunctival  hyperemia,  induced 
by  wearing  improperly  adjusted  spectacles. 


Extent  of  Line  of  Relative  Convergence. 

The  line  of  relative  convergence  is  shown  in  Fig.  25. 

If  the  eyes  E  and  E'  are  accommodated  for  the  point  C 

*  In  order  to  comprehend  the  full  bearing  of  the  intimate  associations  exist- 
ing between  accommodation  and  convergence,  both  in  emmetropic  and  ame- 
tropic  eyes,  the  reader  should  study  the  tables  to  be  found  in  Donders'  incom- 
parable treatise  on  "  The  Anomalies  of  Refraction  and  Accommodation  of 
the  Rye."' 


DIOPTRICS     OF     THE     EYE.  S$ 

on  the  common  visual  axis  A  A',  then  the  convergence  can 
vary  between  the  points  F  and  F'.     The  line  of  F  F'  repre- 


Fig-ure  25. 

sents  the  extent  of  relative  convergence.     The  limits  of  the 
variations  are  indicated  by  the  dotted  lines. 


Figure  26. 
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Extent  of  the  Line  of  Relative  Accommodation. 

If  the  eyes  E  E',  Fig.  26,  are  converged  for  the  point  F 
on  the  common  visual  axis  A  A',  then  the  accommodation 
can  vary  between  the  points  c  and  d  without  disturbing  the 
sharpness  of  vision.  The  line  c  d  represents  the  extent  of 
relative  accommodation. 

Dioptrical  Calculations. 

As  previously  stated,  the  refractive  media  of  the  eye  may 
be  regarded  as  a  compound  lens,  composed  of  a  single  refract- 
ing surface  and  a  bi- convex  lens.  The  retina  has  a  fixed 
position  with  regard  to  the  cornea.  It  is  the  province  of  the 
mathematician  to  calculate  the  radii  of  curvature  of  each  of 
the  refracting  surfaces,  both  at  rest  and  in  accommodation, 
and  to  accurately  determine  the  size  and  actual  or  virtual 
position  of  the  image  with  reference  to  the  retina,  both  in 
emmetropia  and  in  ametropia,  the  effects  produced  on  the 
course  of  rays  by  changes  in  the  position  and  form  of  the 
lens,  and  to  measure  the  amount  of  these  alterations  ;  also,  to 
determine  the  situation  of  the  refracting  surfaces,  and  of  their 
axes  with  reference  to  each  other.  When  we  bear  in  mind 
that  the  refracting  surfaces  are  not  regularly  curved,  but  ellip- 
soidal, and  that  their  axes  do  not  lie  in  a  single  straight 
line,  we  can  readily  see  that  these  calculations  require  the 
exercise  of  the  highest  principles  of  mathematics. 

Fortunately,  the  practical  ophthalmic  surgeon  has  the  bene- 
fit of  the  results  of  the  labors  of  great  mathematicians,  like 
Gauss,  Bessel,  Listing,  Helmholtz;  and  Knapp,  without  him- 
self being  compelled  to  work  out  these  abstruse  problems. 

Donders,  in  his  most  excellent  treatise,  says:  "For  the 
oculist,  it  is  perhaps  an  advantage  that  I  am  no  mathema- 
tician. I  freely  admit  that  I  am  not  competent  to  follow  the 
investigations  of  Gauss  and  of  Bessel  in  this  department,  and 
even  the  study  of  the  physiological  dioptrics  of  Helmholtz 
required  an  effort  on  my  part." 
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Cardinal  Points. 

The  position  and  size  of  images  formed  by  convex  lenses, 
as  well  as  the  course  of  each  ray  of  light,  —  falling  on  the 
refracting  surfaces  at  very  small  angles  of  incidence,  —  after 
each  refraction,  are  calculated  from  certain  known  fixed 
points.  There  are  three  pairs  of  these,  namely,  the  first  a?id 
second  foci,  the  first  and  second  principal  points,  and  the  first 
and  second  ?iodal  points.  The  first  side  is  that  from  which 
the  light  comes ;  the  second,  that  to  which  the  light  passes. 
The  first  of  each  pair  of  points  is  on  the  first  side ;  the 
second  of  each  pair  is  on  the-  second  side.  The  first  focus, 
F',  is  that  point  from  which  proceed  rays  of  light  which, 
after  refraction,  become  parallel.  The  second  focus,  F",  is 
that  point  in  which  all  rays  parallel  on  the  first  side  unite 
after  refraction. 

On  a  single  refracting  surface,  each  ray,  before  and  after 
refraction,  is  directed  to  the  same  point  on  that  surface.  In 
a  combination  of  two  or  more  refracting  surfaces,  it  is  evi- 
dent that  this  cannot  be  the  case.  A  bi-convex  lens,  for 
illustration,  has  within  it  a  surface  that  is  perpendicular  to 
the  axis,  towards  which  each  ray  is  directed  before  the  first 
refraction.  There  is  a  second  surface  behind  the  first,  —  the 
latter  being  the  optical  image  of  the  former, —  having  on  it  a 
corresponding  point  on  the  same  side  of  the  axis,  to  which 
each  ray  after  the  second  refraction,  traced  backwards,  is 
directed,  consequently,  all  lines  drawn  between  correspond- 
ing points  of  the  two  surfaces  are  parallel  to  each  other  and 
to  the  axis.  The  point  on  the  axis  where  the  latter  is  cut  by 
the  first  surface  is  the  first  principal  point.  The  point  where 
the  second  surface  cuts  the  axis  is  the  second  principal  point ; 
the  distance  from  the  first  principal  point  to  the  first  focus 
is  the  principal  focal  distance.  The  first  and  second  focal 
planes  are  surfaces  perpendicular  to  the  axis,  passing  through 
the  first  and  second  foci,  and  are  images  of  each  other. 

The   first   and    second  conjugate    foci,   and   the   first    and 
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second  principal  surfaces,  are  shown  in  Fig.  27,  representing 
the  course  of  a  ray  through  the  crystalline  lens  ;  a  \i  the  first 
conjugate  focus ;  d  is  the  second  conjugate  focus.  These 
points  are  images  of  each  other.  The  ray  a  b,  after  refraction, 
becomes,  in  the  lens,  parallel  to  the  axis,  but  before  refraction 
is  directed  to  the  point  c1  on  the  first  principal  surface  h'  h'. 
The  ray  a  b,  after  the  second  refraction,  proceeds  as  c  d  to 
d;  traced  backwards,  it  appears  to  proceed  from  c'\  a  point 
on  the  second  principal  surface  hn  li"  ;  the  points  c'  and  c" 


Figure  27. 

are  corresponding  points,  each  equally  distant  from  the  axis 
A  A'.  The  ray  in  the  lens  is  parallel  to  the  axis,  and  passes 
through  s'  ;  all  rays  passing  through  s'  at  one  side  of  the  lens 
appear  to  come  from  c' ,  and  on  the  other  side  appear  to  come 
from  c" .  k  k' ,  the  points  where  the  principal  surfaces  li'  Ji'  h"  Ji" 
cut  the  axis,  are  the  first  and  second  principal  points, which,  in  a 
lens  bounded  on  both  sides  by  the  same  medium,  correspond 
with  the  first  and  second  nodal  points.  Every  lens  with  two 
curved  surfaces  has  two  nodal  points,  k'  k'\  Fig.  28.  A  Af  is  the 
principal  axis  ray  of  the  lens,  and  passes  through  unrefracted. 
a  b  c  d  is  a  secondary  axis  ray.  Before  the  first  refraction  it 
proceeds  as  a  b,  and  if  continued  in  a  straight  line  would  fall 
on  the  axis  at  k' ;  k'  is  the  first  nodal  point.  After  the  second 
refraction,  the  ray  proceeds  as  c  d,  in  a  line  parallel  to  a  b  ; 
traced   backwards,  it  appears  to  proceed  from  the  point  on 
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the  axis  I";  k"  is  the  second  nodal  point.  All  other 
secondary  axis  rays  passing  through  the  lens  are,  before 
refraction,  directed  to  k' ';  after  the  second  refraction,  they 
seem  to  proceed  from  k" .    O,  a  point  situated  equally  distant 


Figure  28. 

between  k'  and  k" y  is  the  optical  centre  of  the  lens  repre- 
sented in  the  figure. 

In  the  eye  there  are.  including  those  within  the  crystalline, 
numerous  refracting  surfaces  ;  but  three  of  these  are  usually 
taken  into  consideration  in  ordinary  calculations,  which 
are  regarded  as  revolution  surfaces,  namely,  the  anterior 
surface  of  the  cornea,  which  is  the  principal  one,  and  the 
anterior  and  posterior  surfaces  of  the  lens,  all  their  axes 
being  regarded  as  centred.  Optical  mathematicians  have 
sought  to  find  certain  fixed  points  for  this  compound  dioptric 
system,  called  cardinal  points,  as  the  basis  of  dioptrical  cal- 
culations. 

The  positions  of  these  arc  shown  in  Fig.  29,  representing  List- 
ing's diagrammatic  eye.  F'f  the  anterior  focus  for  rays  parallel 
in  the  vitreous  ;  F",  the  posterior  focus  for  rays  parallel  in  the 
air.  H'  IT",  the  two  principal  surfaces,  cutting  the  axis  at  the 
two  principal  points,  which  lie  in  the  anterior  chamber.  The 
first  principal  point  is  very  near  the  second,  k  /•',  the  two 
nodal  points,  situated  near  the  posterior  surface  of  the  lens, 
also  very  near  each   other.       F'    V",   the   prolonged   ocular 
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axis.     V  V',  the  prolonged  visual   axis  corresponding  with 
the  visual  line. 


Figure  29. 


The  refractive  coefficients  are  assumed  as  V/ly3  for  the 
aqueous  and  vitreous  humors,  and  jf  for  the  crystalline  lens. 

The  following  established  values  are  known  as  optical 
constants  ;  they  are  given  in  millimetres,  and  are  taken  from 
Helmholtz's  Physiological  Optics. 


Radius  of  curvature  of  the  cornea 

Radius  of  curvature  of  the  anterior  surface  of  the 

crystalline 

Radius  of  curvature  of  the  posterior  surface  of 

the  crystalline 

Position  of  the  anterior  surface  of  the  crystalline 

Position  of  the  posterior  surface  of  the  crystalline 

Calculated. 

Anterior  focal  distance  of  the  cornea 

Posterior  focal  distance  of  the  cornea 

Focal  distance  of  the  crystalline I 

Distance  of  the  anterior  principal  point  of  the 

crystalline  from  its  anterior  surface | 

Distance  of  the  posterior  principal  point  of  the 

crystalline  from  its  posterior  surface 

Distance  of  two  principal  points  of  crystalline... 

Posterior  focal  distance  of  the  eye 

Anterior  focal  distance  of  the  eye 

Place  of  the  anterior  focus 

Place  of  the  first  principal  point 

Place  of  the  second  principal  point 

Place  of  the  first  nodal  point 

Place  of  the  second  nodal  point 

Place  of  the  posterior  focus 


Accommodation 

Accommodation 

for 

for 

Distance. 

Near  Objects. 

Millimetres. 

Millimetres. 

8-o 

8-o 

IOO 

60 

6-o 

5'5 

3'6 

3-2 

72 

7-2 

23-692 

23-692 

31-692 

31-692 

43  707 

33785 

21073 

1-9745 

1-2644 

i-8ioo 

0  2283 

02155 

19-875 

17-756 

14-858 

I3-274 

12  918 

11-241 

1-9403 

2-0330 

2-3563 

24919 

6-957 

6515 

7'573 

6-974 

22  231 

20-248 
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The  study  of  the  dioptrical  calculations  of  Listing  and 
Helmholtz,  and  even  of  the  simplified  system  of  Donders,  is  too 
difficult  for  many  of  the  readers  for  whom  this  work  is  intended, 
and  is  of  practical  importance  only  to  the  ophthalmic  surgeon. 
For  many  calculations  the  compound  dioptric  system  may 
be  simplified  to  what  is  called  the  "  reduced  system ."  Donders 
says  :  "  Following  Listing's  example,  we  may  go  a  step  fur- 
ther in  the  simplification :  it  is,  in  fact,  allowable  to  reduce 
the  compound  dioptric  system  of  the  eye  to  a  single  refracting 
surface,  bounded  anteriorly  by  air,  posteriorly  by  aqueous  or 
vitreous  humor,  and  this  reduced  eye,  where  the  greatest 
accuracy  is  not  required,  may  be  made  the  basis  of  a  number 
of  considerations  and  calculations.  With  this  simplification 
we  can,  with  the  greatest  ease,  form  a  satisfactory  idea  of  the 
magnitude  of  the  retinal  images,  of  the  position  of  the  con- 
jugate foci,  of  the  extent  of  the  circles  of  diffusion  in  im- 
perfect accommodation,  in  astigmatism,  &c,  and  of  numer- 
ous other  points."  Fig.  30  represents  the  reduced  eye  having 
but  a  single  refracting  surface, 
with  a  radius  of  curvature  of  5 
millimetres.  0'  the  position 
of  the  anterior  focus ;  0"  the 
posterior ;  //,  the  principal  point ; 
k,  the  nodal  point  or  optical 
centre  where  all  the  secondary  Figure  30. 

axes  cross  each  other. 

//  0'  =  F',  the  anterior  focal  distance  =  15  mm. 

h  0"  =  F",  the  posterior  "  "        =  20   " 

«/    4/ 
The  coefficient  of  refraction  -  =     as  being=F" :  F'=20  :  15. 

Those  who  desire  to  study  the  mathematics  appertaining 
to  the  compound,  or  the  reduced,  dioptric  system,  should 
consult  Helmholtz's  Physiologische  Optik,  and  Donders  on 
the  Anomalies  of  Refraction  and  Accommodation.  As 
Helmholtz's  work  is  in  German,  and  has  not  been  translated 
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into  English,  and  as  the  English  (Sydenham)  edition  of  Bon- 
ders' treatise  is  now  exhausted,  consequently,  difficult  to 
obtain,  and  may  be  inaccessible  to  many  of  our  readers, 
we  take  from  Donders'  work  his  cal- 
culations applicable  to  a  single  refrac- 
ting surface. 

{From  Donders.) 
Refraction  by  a  Spherical  Surface. 

Cardinal  Points. 

In  Fig.  31,  let  k  be  the  central  point  of 
the  spherical  surface  //,  on  which,  parallel 
to  the  axis  A  A7,  rays  of  light  fall,  a  b  and 
a/  b' ,  coming  from  the  medium  with  index 
//',  and  passing  into  medium  with  index  n" . 
If  n"  be  greater  than  «/,  the  parallel  rays 
unite  in  the  axis  nearly  in  a  point,  the  pos- 
terior focal  point  (j>//.  The  distance  h  <f>//  = 
F",  that  is,  the  posterior  focal  distance  is 
found  by  the  well-known  formula, 


Y"  —  _1 £__ 

n"—n'  '  ' 

of  the  surface  of  curvature  is 


1  a,  wherein  the  radius 
hk. 


If  on  the  same  refracting  surface,  but  in 
the  direction  from  A/  to  A,  rays  fall  which, 
in  the  medium  with  index  n//,  run  parallel 
to  the  axis  (they  are  in  the  figure  represented 
by  dots),  these  also  unite  nearly  in  a  point 
in  the  axis,  the  anterior  focal  point  <t>/.  The 
distance  h  $'  ==  F',  called  the  anterior  focal 
distance,  is  found  bv  the  formula, 


Figure  31. 


F'= 


n'  p 


1  b. 


n" — w 
The  formulas   1  a  and  1  b  obtain  only  for  rays  which  run  close  to  the 
axis.     As  such  they  are  deducible  in  a  simple  mode. 

In  Fig.  32,  a  b  is  the  incident  ray  ;  b  the  point  of  incidence ; 

k  b  v  the  normal  on  the  spherical  surface  at  the  point  of  incidence; 

b  y"  the  refracted  ray,  bent  towards  the  normal  b  k\ 
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a  b  v  is  the  angle  of  incidence,  a 
arc  h  b  ; 

<p"  b  k  is  the  angle  of  refraction  ft,  and  if 
we  draw  d  k  parallel  to  b  $",  we  have  the 
angle  b  k  d  corresponding  to  the  arc  d  b  : 

h  k  d  is  the  angle  of  deviation,  y  =  a  —  ft. 

The  relation  of  each  of  the  focal  distances 
h  $"  =  Y"  and  h  <?'=¥',  to  the  radius  h  k 
=p  is  now  to  be  found. 

For  small  segments  h  k  d  and  //  <p"  b  may 
be  regarded  as  rectilineal  triangles.  They 
are  in  this  case  uniform  and  rectangular  in 
h.     Consequently 


b  k  //,  and  thus  corresponding  to 


k  h 


9//  h  = 
p :  F"= 


arc  h  d :  arc  //  b. 
-a  — ft:  a. 


For  small  arcs  we  may  substitute  the  sines, 
and  thus  alter  the  formula  into 

pv/  .  p  _  sjn  a  .  Sl-n  a  —  S2'n  ^ 

Then  the  law  of  refraction  is,  as  experi- 
ence teaches,  the  following  :  — 

«/  sin  a  =  n"  sin  ft. 

Consequently,   if  we   substitute  the  value 
of  sin  a  in  our  proportion, 


F' 


n"  :  n"  - 
pn" 


The    relation   of  F7  to    F' 


is,   moreover, 


Figure  32. 


easily  found.  The  ray  a'  b,  running  parallel 
to  the  axis  in  «//,  is  bent  from  the  normal  b  v, 
and  proceeds  as  b  $' .  By  this  deflection  the 
angle  of  refraction  v  b  $'=  ft'  becomes 
greater  than  the  angle  of  incidence  a'—  a. 
However,  the  law  of  refraction  must  here  also  find  its  application,  and 
thus  the  proportions  remain  the  same,  as  immediately  appears  by  con- 
sidering 0'  b  as  the  incident,  and  b  a'  as  the  refracted  ray.  There  is  a 
general  law,  of  which  we  shall  hereafter  often  make  use  ;  it  is  this  :  if 
a  ray,  proceeding  from  a  point,  passes  through  an  optical  system,  in  ordei 
to  come  to  a  second  point,  a  ray  from  this  second  point  will.  ?'/'<>•  versA, 
be  able  to  reach  the  first  point,  only  by  following  preciseh  the  sam< 
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route  in  an  opposite  direction.     As  the  angles  of  deviation  are  propor- 
tional to  the  angles  of  refraction,  we  here  obtain 

b#  k\  b<p"  h=vba:§"  b  k, 
that  is,  for  small  angles, 

y'  :y=a:p  =  n"  :  «'. 


Now  as 

F'  :  F"  =y'  :  ? ', 

we  have 

n' 
¥'  =  ¥"— 

I  c. 

But, 

n"  —  »/' 

therefore, 

F/          *  *' 

Moreover, 

n"  —  n' 

-P 

r  n" —  n 

F"  =  ¥'  +  i) 

d. 

If  we  regard  «'  as  a  unity,  we  obtain  «//,  the  symbol  of  the  relative 
index  of  refraction  with  respect  to  the  air,  and  we  obtain 

™        P 


F" 


n"—\ 
pn" 


n" —  i 

Thus  we  recognize  four  cardinal points  in  the  axis  :  — 
<p/,  the  anterior  focus. 

h,  the  point  of  section  of  the  spherical  surface  with  the  axis. 
k,  the  centre  of  curvature. 
<f>",  the  posterior  focus. 

From  the  distances  between  these  points  flow  the  following  values  :  — 
//  o/,  the  anterior  focal  distance  F/. 
h  $",  the  posterior  focal  distance  F//. 
We  further  distinguish  — 

k  tf  as  G',  k  <?"  as  G", 

then  :  G'  =  F'  +  p  =  F" 2  b 

G//  =  F//—p  =  F/ 2  a 

G/  =G//+/  2d 

G^_f^ a/ 

G'  ~  F77~n~77 2  C 

Conjugate  Foci  and  Relation  between  Magnitude  B  of  the  Object,  and 
Magnitude  t3  of  the  Image. 
Having  ascertained  these  values,  we  can,  by  a  simple  construction, 
find  both  the  conjugate  foci  and  the  relation  between  the  magnitude  of 
the  object  and  that  of  the  image  B  :  /3. 


REFRACTION  BY  A  SPHERICAL  SURFACE. 


95 


Let  i' ,  Fig.  33,  be  a  given  point  of  light ;  if  we  wish  to  find  its  image 

From  i'  proceeds  :  1.  the  ray  zy  kf,  which, 
being  directed  to  k,  coincides  with  the  nor- 
mal of  the  refracting  surface,  and  passes 
through  unrefracted  ;  2.  the  ray  *y  b,  which, 
as  being  parallel  to  the  axis,  after  refraction 
passes  through  <£//.  All  the  rays  proceed- 
ing from  *v  unite  in  one  point.  Conse- 
quently, where  two  rays,  proceeding  from 
*',  cut  one  another,  is  its  conjugate  focus. 
This  point  is  f,  and  f  is  therefore  the 
image  of  the  point  of  light  i' '. 

The  points  of  an  object,  which  lie  in  a 
line  perpendicular  to  the  axis,  are  also  in 
the  image  situated  in  a  line  perpendicular 
to  the  axis.  Consequently,  the  image  of 
the  point  of  light  i  is  in  j.  The  object 
i  i'  =  B  will,  therefore,  have  an  image  /?. 
the  magnitude  of  which  is//'. 

It  is  of  importance  to  prove  this  last  propo- 
sition. From  the  point  of  light  2'  (Fig.  33), 
proceed,  as  we  saw,  two  rays,  the  direction 
of  which  we  know  ;  the  ray  i'  f ,  and  the 
ray  f  b  <p//,  in  whose  point  of  intersection 
lies/7,  the  image  of  {.  To  find  this,  we  draw 
the  perpendicular  s  d  at  a  point  of  the  axis 
arbitrarily  taken,  provided  only  that  the 
perpendicular  cut  the  two  rays  i'  f  and  b  f '. 
We  thus  obtain  two  pairs  of  similar  tri- 
angles, <p//  k  b  and  <t>"  s  c,  and  k  i  i'  and  k 
s  d ;  moreover,  h  b  is  =  i  i' .  The  said  tri- 
angles give  us  now  the  subjoined  propor- 
tions:— 

<j>"  A:  A  b=<p//  s:  s  c  and 


sd. 


k  i:  h  b  =  k  s 
consequently, 

hbX<P"s        ,       ,      hbXks 
s  c  = Trz and  s  d=  P; — 

$"  h  k  i 

we  see  that  s  c  will  be  =  s  d,  if 


Figure  33. 


4"  s  _  ks 
$"  h  ~~  Ti' 
This  is  evidently  the  case,  if  the  point  s  is  removed  towards  / 
situation  of  the  point  j  is  therefore  determined  by 


The 
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On  the  perpendicular  from  j,  we  have  s  c  =  s  d,  and  here,  therefore, 
the  ray  passing  through  k,  crosses  that  passing  through  <j>".  This  is  the 
case  for  every  value  of  h  b  or  i  i' ',  which  term  does  not  occur  in  the  pro- 
portion. Every  point  of  the  perpendicular  Jjy,  therefore,  has  its  image 
on  the  perpendicular  /  i/.     Q.  E.  D. 

In  the  above  figure, 

h<p"  =  F"  =  G' 

If  we  now  call  the  conjugate  focal  distances,  measured  from  h,  h  i  — 
f  and  hj—f",  and,  measured  from  k,  k  2  =<gr/  and  kj=g//,  we  obtain, 
in  place  of, 

fj:  <p"  h  =  kj:  hi, A 

the  proportion 

g"  —  G":G'=g"ig', 

and  hence  directly 

G'  g» 

*  o-// Q// \Z  a 

or,  ?%"—?&'=&?' 

g/g"-G'g"=g'G" 
g"(g'-G')=g'G" 
G"  z' 

*"=7=& 3)*. 

In  place  of  the  proportion  A  we  may  equally  write 

f' Y"  :  F"  =  F/  -\-  f" F"  ://  -f  F" F/. 

Hence  follows, 

f  f' f  F//  +///  F// F//  F" ///  F/  4-  F/  F//  =f//  Y// 

Y"  F"  +  F'  Y"f'f"  —f  F"  —f"  F'  =  o 
f  if"  —  F//)  =/"  Y'f"  (/'  —  F')  =/'  F" 

f  Y'  f'Y" 

f  =f77-_  F„ 3  0  f'^jnzv*  <*)• 

In  the  same  figure  we  find  still  two  pairs  of  similar  triangles, 

ii'  k  and  k  f  j 
and  h  b  $"  and  $"jf. 

Hence  we  have  two  proportions,  expressing  the  relation  between  the 
magnitudes  of  object  and  image,  namely, 

f  j  :  i  V  =  kj  :  k  i  or  /}  :  B  =g"  :  g' {4  a 

and 

f  j  :  i  j>  =  tf'j  :  <p"  h  or  p  :  B  =/"  —  F"  :  F" (4  b. 


SPECTACLES    AND    THEIR    USES.  97 


Application  to  the  Eye. 

Donders  adds :  "  All  that  has  been  brought  forward  is  applicable  to 
the  refraction  of  the  rays  through  the  cornea.  If,  therefore,  the  crys- 
talline lens  be  absent  (aphakia),  no  other  formulas  than  those  above 
given  need  be  used.  The  principal  point  lies  on  the  anterior  surface  of 
the  cornea  ;  the  nodal  point,  8  mm.  behind  its  apex.  The  radius  of 
the  cornea  being  8  mm.  (compare  i  a  and  I  b),  we  find 

8  X  1-3366       10-6928 

F//  =        ^/J     = *—  =  31-602  millimetres. 

1-3366—1         03366       J      y 

8  8 

F/  = 77 =  —  ,,  =  23*602  millimetres. 

1 '3366— 1       03366         J    y 

Herewith  are  also  given  G/  =  F"  and  G//  =  F/  (compare  2  a  and  2  d)." 


Spectacles  and  their  Uses. 

We  have  heretofore  treated  of  the  emmetropic  eye  with 
normal  range  of  accommodation.  Emmetropia,  as  pre- 
viously explained,  is  understood  as  that  condition  of  the 
eyes  at  rest,  in  which  the  sensitive  layers  of  the  retina  are 
situated  just  in  the  focus  of  parallel  rays.  Ametropia  is  used 
in  contradistinction  to  emmetropia.  In  the  former  condition 
the  retina  is  either  too  near  or  too  far  from  the  anterior  sur- 
face of  the  cornea;  if  parallel  rays,  after  being  refracted, 
have  their  course  in  the  vitreous  humor  directed  to  a  point 
behind  the  retina,  no  distinct  image  will  be  formed  in  the 
latter.  This  condition  is  called  hypermetropic:.  Again,  if  the 
retina  be  situated  beyond  the  focus  of  parallel  rays  (myopia), 
they  overcross  in  the  vitreous  and  fall  on  the  retina  in  diffu- 
sion circles.  There  may  be  a  deficiency  in  the  powers  of 
accommodation ;  the  ciliary  muscle  may  not  adjust  the 
eye  for  near  vision  of  small  objects  (presbyopia).  There 
may  be  such  a  degree  of  asymmetry  between  the  differ- 
ent meridians  of  the  refracting  surfaces  as  to  disturb  the 
sharpness  of  vision  (astigmatism).  The  eyes  may  not  have 
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the  visual  lines  directed  to  the  same  point  of  an  object,  caus- 
ing diplopia  or  double  vision.  All  of  these  defects  may  be 
corrected  by  placing  before  the  eyes  suitable  glasses.  The 
ametropic  eye  may  be  rendered  emmetropic,  deficiencies  in 
the  power  of  accommodation  remedied,  and  diplopia  pre- 
vented. 

Convex  Spectacles  are  made  of  bi-convex  or  of  positive 
meniscus  lenses ;  they  move  the  images  forward,  and  supply 
deficiencies  of  accommodation;  they  bend  divergent  rays 
that  would  otherwise  impinge  on  the  iris,  so  that  they  enter 
the  pupil,  thus  increasing  the  number  falling  on  the  retina, 
adding  brightness  to  the  images ;  if  sufficiently  strong,  they 
magnify  the  object. 

Concave  Spectacles  are  made  either  of  bi-concave  lenses 
or  of  lenses  having  the  form  of  the  negative  meniscus;  they 
cause  images  to  be  formed  farther  backwards  by  rendering 
parallel  rays  divergent  before  they  impinge  on  the  cornea, 
or,  if  already  divergent,  they  increase  the  divergency  ;  hence, 
they  are  used  in  myopia  to  increase  the  distance  of  the  far 
point  of  distinct  vision,  and  to  allow  small  objects  to  be  held 
farther  from  the  eyes  and  still  be  sharply  seen. 

Periscopic  Spectacles. —  This  term  was  applied  by  Wollaston 
to  spectacles  made  from  convexo-concave  or  concavo-convex 
lenses,  because,  by  this  form  of  glasses,  the  images  are  less 
disturbed  in  oblique  vision,  and  the  eyes  can  more  freely 
move  around,  behind  the  glasses,  and  thus  obtain  a  clearer 
view  of  objects  situated  obliquely  in  the  field  of  vision,  with- 
out changing  the  position  of  the  head.  Periscopic  spectacles 
are  in  very  general  use,  but  it  is  questionable  if  preference 
should  not  be  given  to  bi-convex  and  bi-concave  glasses. 

Donders  says :  "  However,  we  can  also  see  satisfactorily 
in  an  oblique  direction  through  bi-convex  and  bi-concave 
glasses,  provided  they  are  not  too  strong ;  and  if  high  num- 
bers are  required,  the  periscopic  have  again  the  disadvantage 
of  greater  weight.  Were  it  only  for  this  reason,  the  latter 
do  not  unconditionally  deserve  the  preference.     When  we 
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add  that,  under  some  circumstances,  the  periscopic  glasses 
are  more  liable  to  produce  disturbance  by  reflection  on  the 
concave  surface  turned  towards  the  eye,  and  that  they  are, 
moreover,  somewhat  more  expensive,  we  shall  not  be  sur- 
prised that  they  have  not  wholly  supplanted  the  bi-convex 
and  bi-concave  glasses." 

Glasses  a  Double  Foyer. —  In  certain  conditions  of  the  eyes, 
glasses  of  different  foci  are  necessary  for  distant  and  near 
vision.  In  absolute  hypermetropia  there  is  no  distinct  vision 
without  convex  glasses  ;  those  that  suit  for  far  vision  are  not 
sufficiently  strong  for  reading,  writing,  etc. ;  hence,  the  neces- 
sity of  frequently  changing  them  for  those  stronger  or  weaker, 
according  to  the  nature  of  the  occupation  in  which  the  eyes 
are  used.  Other  persons,  slightly  near-sighted,  but  with 
greatly  diminished  range  of  accommodation,  may  require  con- 
cave glasses  for  distant  vision  and  convex  for  seeing  small 
objects.  To  obviate  the  necessity  and  annoyance  of  frequently 
removing  one  pair  of  spectacles  and  substituting  another  pair, 
Franklin,  who  was  himself  slightly  myopic,  with  deficient 
accommodative  powers,  and  required  concave  glasses  for  dis- 
tant vision  and  convex  for  reading,  had  spectacles  constructed 
with  glasses  of  double  focus ;  hence,  those  made  on  that 
principle  are  called  "  Franklin  glasses."  The  upper  halves 
are  ground  to  have  foci  suited  for  distant  vision ;  the 
lower  for  reading,  etc.  They  should  be  placed  before  the 
eyes  in  such  a  position  that,  by  looking  upwards,  they  are 
properly  adjusted  for  far  vision,  and,  by  looking  downwards, 
for  writing  or  fine  work.  Opticians  sometimes  construct 
Franklin  glasses  by  dividing  spherical  lenses  of  different 
foci  in  halves,  the  line  of  separation  passing  through  the 
axes  of  the  spherical  surfaces,  and  then  placing  the  halves 
of  lenses  of  different  foci  together.  Persons  needing  glasses 
with  double  focus  should  have  the  errors  of  refraction  accu- 
rately determined,  and  the  optician  should  be  very  careful 
to  grind  the  spherical  surfaces  strictly  in  accordance  with  the 
measurements  given  him. 
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Spectacles  with  Positive  or  Negative  Cylindrical  Glasses. — 
Cylindrical  lenses  correspond  in  form  to  the  longitudinal 
section  of  a  cylinder  —  the  positive  to  the  outer  surface,  the 
negative  to  the  inner  surface  of  a  hollow  cylinder;  their  axes 
are  the  same  as  glass  with  parallel  surfaces,  and  do  not 
refract  light  at  all ;  the  meridian  of  greatest  curvature  is 
perpendicular  to  the  axis.  They  are  used  in  astigmatism  to 
equalize  refraction  in  the  different  meridian  planes,  so  that 
all  rays  from  a  homocentric  bundle  may  be  directed  towards 
the  same  point. 

Prismatic  Spectacles.  —  It  has  been  previously  explained, 
that  in  binocular  vision  the  visual  lines  of  each  eye  must 
meet  at  the  common  point  of  fixation,  so  that  the  images 
may  be  formed  on  identical  parts  of  the  two  retinas  —  on  the 
yellow  spots.  To  accomplish  this  result,  the  internal  recti 
muscles  of  the  eyes  are  brought  into  action,  and  they  ordi- 
narily move  in  such  perfect  harmony  that  the  moment  we 
desire  to  see  any  particular  point  of  an  object,  both  visual 
lines  are  accurately  directed  to  it,  and  there  is  single  vision 
with  two  retinal  images.  If,  however,  one  muscle  —  for  ex- 
ample, the  internal  rectus  of  the  right  eye  —  be  deficient  in 
power,  the  eye  will  not  converge  sufficiently ;  the  image 
belonging  to  it  will  be  formed  at  the  temporal  side  of  the 

yellow  spot,  and  there  will 
be  two  objects  perceived  — 
the  false  to  the  left  of  the 
true  one.  This  is  shown  in 
Fig.  35.  Let  a  be  the  flame 
of  a  candle,  three  feet  distant 
from  the  eyes,  y  the  yellow 
spot  of  the  left  eye,  y'  the 
same  of  the  right  eye.  In 
order  that  a  may  be  seen 
single  with  both  eyes,  the 
visual  lines  must  pass  from 
Figure  35.  y  and  y'  direct  to  a.    But  in 
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the  figure  the  right  eye  is  not  sufficiently  converged  or 
turned  inwards,  and  the  image  is  formed  at  cy  to  the  tem- 
poral side  of  the  fovea  centralis,  and  is  projected  inwards 
towards  e.  (Crossed  diplopia.)  To  bring  the  false  image  to 
such  a  position  on  the  retina  that  it  will  fuse  with  the  true 
one,  and  but  a  single  sensation  be  produced,  the  internal 
rectus  must  turn  the  cornea  inwards  until  the  yellow  spot  j>', 
which  moves  in  the  opposite  direction,  is  at  r;  then  the  two 
images,  being  formed  on  identical  parts  of  the  two  retinas,  are 
fused,  and  but  a  single  flame  is  seen.  In  case  of  insufficiency 
of  the  internal  rectus  muscle,  it  is  unable  to  converge  the  right 
eye  sufficiently  to  produce  this  effect,  and  recourse  must  be  had 
to  a  prism  with  its  base  inwards,  by  which  means  the  image  is 
brought  to  the  yellow  spot,  without  the  yellow  spot  moving 
outwards.  The  action  of  the  prism  P  P'  is  shown  in  the  figure. 
y1  is  fixed  and  cannot  move  outwards.  The  prism  bends  the 
ray  a  c  inwards,  so  that  it  falls  on  y' ;  both  images  are  now 
formed  on  identical  parts  of  the  two  retinas,  and  but  a  single 
flame  is  seen.  If  the  right  eye  turn  too  far  inwards,  the 
false  image  is  to  the  right  of  the  true  one  (homonymous). 
This  may  result  from  excessive  action  of  the  internal,  or  in- 
sufficiency of  the  external  rectus;  here  the  base  of  the  prism 
should  be  turned  outwards.  The  angle  of  the  prism  must 
correspond  with  the  effect  desired  to  be  produced.  Prisms 
may  be  adapted  to  one  or  both  eyes,  according  to  the  require- 
ments of  the  case. 

Protecting  Spectacles.  —  There  are  two  varieties  of  these : 
First,  colorless  plane  glasses,  used  for  protecting  the  eye  from 
mechanical  injury  by  dust,  pieces  of  coal,  stone,  metal,  etc. 
Second,  colored  plane  glasses,  worn  to  protect  the  eyes  from 
the  influence  of  too  strong  a  light.  They  are  usually  made 
from  green,  blue,  or  London  smoke  gray  glass.  ■  Green 
glasses  are  not  suited  for  the  purpose;  for  while  reflected 
green  is  agreeable  to  the  eyes,  transmitted  green  is  injurious, 
as  the  strong  dark  green,  which  approaches  a  yellow,  trans- 
mitted in  a  bright  light,  increases  rather  than  diminishes 
irritation.      Blue  glass  spectacles  are  preferable  to  green,  and 
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in  certain  conditions  of  morbid  sensibility  of  the  retina  to 
light,  they  are  peculiarly  grateful  and  pleasant;  in  such  cases 
they  may  be  prescribed.  But,  generally,  deep  blue  glasses 
pain  the  eye  in  bright  light,  and  pale  blue  glasses  weaken 
the  light  too  little  to  afford  effective  protection. 

Londo?i  Smoke  Glass  Spectacles.  —  Sunlight,  reflected  by 
objects  in  their  different  colors,  is  the  natural  stimulant  to 
the  special  nervous  elements  of  the  retina ;  hence,  glasses 
that  exclude  in  equal  proportions  each  color  of  the  solar 
spectrum,  transmit  a  softened  light  without  shutting  out 
entirely  any  particular  color.  This  result  is  obtained  by 
gray  glasses  —  called  neutral,  or  London  smoke,  —  and 
should  ordinarily  be  preferred  to  green  or  blue.  When  pro- 
tecting spectacles  are  required  for  persons  wearing  spherical 
glasses,  it  is  better  to  attach  to  one  of  the  spherical  surfaces 
a  colored  plane  glass,  by  means  of  Canada  balsam.  If  con- 
vex or  concave  lenses  are  made  of  colored  glass,  the  shade  is 
unequally  distributed  over  the  field  of  vision  —  the  thickest 
part  of  the  glass  gives  the  darkest  hue,  and  the  plane  surfaces 
of  objects  appear  unequally  illuminated;  hence,  colored  glass 
is  a  material  unsuited  for  spectacles  requiring  spherical  or 
cylindrical  surfaces.  Ordinary  colored  glass  spectacles  only 
ward  off  the  light  in  front  of  the  eyes,  while  they  permit 
strong  light  to  enter  obliquely,  thus  creating  a  marked  con- 
trast of  light  and  shade,  very  hurtful  to  the  visual  organs. 
This  should  be  prevented  by  having  side-glasses  of  the  same 
color,  or  a  shade  of  some  dark  colored  substance,  to  sur- 
round the  eyes  and  ward  off  strong  oblique  light.  Wire 
gauze  answers  this  purpose  very  well,  for  while  it  shuts  out 
the  strong  oblique  light,  it  at  the  same  time  allows  a  free 
circulation  of  air  around  the  eye,  permits  the  exhalations 
from  the  mucous  membrane  to  escape,  and  prevents  the  eyes 
from  being  bathed  in  their  own  vapors.  "  Lately,  the  so- 
called  muscle  spectacles,  that  is,  spectacles  formed  like  watch 
glasses,  are  much  in  fashion.  Their  convexity  allows  of  a 
very   considerable    approach    of  the    edges   to    the    orbital 
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border,  and  hence  furnishes  a  more  efficient  diminution  of 
the  lateral  illumination  than  plane  spectacles  do.  Since, 
however,  the  radius  of  the  posterior  concave  surface  is 
always  smaller  than  the  anterior  convex  one,  these  specta- 
cles become  weak  concave  lenses,  and  are  as  a  rule,  there- 
fore, very  annoying  to  far-sighted  and  hypermetropic  eyes." 
[Stellwag.)  Protecting  spectacles  should  not  be  worn  in- 
doors unless  to  shield  the  eyes  from  strong  artificial  light. 
If  the  ordinary  light  of  the  chamber  be  too  bright,  it  is  better 
to  darken  the  room.  If  very  dark  glasses  be  habitually 
worn,  as  they  weaken  the  illumination,  the  eyes  are  strained 
to  get  a  distinct  view  of  objects  ;  they  become  accustomed  to 
a  weaker  light,  and  on  going  out  into  the  bright  reflected 
sunlight  of  the  open  air,  the  contrast  is  so  strong  that  a  daz- 
zling, painful  sensation  is  produced,  thus  neutralizing  the 
results  desired  to  be  obtained.  To  protect  the  eyes  from  the 
injurious  effects  of  artificial  light  in  reading,  writing,  etc.,  it 
is  preferable  to  substitute  lamp-shades  for  protective  spec- 
tacles ;  the  back  should  be  turned  towards  the  light,  so  as  to 
permit  the  illumination  to  fall  on  the  book,  and  not  on  the 
eyes.  When  gray  spectacles  are  prescribed,  they  should  be 
selected  of  a  clear  gray  color.  Those  having  a  tinge  of 
yellowish  or  brownish  gray  should  be  rejected,  and  this  can 
easily  be  determined  by  placing  them  over  a  sheet  of  white 
paper,  when  objectionable  tints  are  at  once  detected. 

Direct  Influence  of  Glasses  with  Spherical  Surfaces  on  Vision. 
—  As  the  spherical  surfaces  that  may  be  required  to  neutralize 
errors  of  refraction  cannot  be  placed  within  the  organs  of 
vision,  it  becomes  necessary  to  hold  them  before  the  eyes 
at  a  certain  distance  from  the  cornea.  They  then  become 
integral  parts  of  the  compound  dioptric  systems ;  but  as 
the  glasses  remain  stationary,  while  the  eyes  move  freely 
behind  them,  it  is  seldom  that  the  axes  of  the  additional 
spherical  surfaces  are  in  a  line  with  the  visual  axes ;  devia- 
tions that  exert  a  marked  influence  on  vision.  Donders 
gives  the  following  changes  as  the  immediate  consequences 
of  placing  positive  or  negative  glasses  before  the  eyes: 
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"  1°.  The  greatest  and  least  distances  of  distinct  vision, 
P  and  R,  undergo  a  modification. 

"  2°.  The  range  of  accommodation  is  altered. 

"  30.  The  region  of  accommodation  changes  in  position 
and  extent. 

"4°.  The  magnitude  of  the  retinal  images  does  not  con- 
tinue the  same. 

"5°.  The  determination  of  the  distance,  magnitude,  and 
form  of  objects  undergoes  a  change. 

"  6°.  Stereoscopic  vision  with  the  two  eyes  suffers  some 
modification." 

Spectacle   Frames. 

The  ingenuity  of  mechanical  opticians  has  been  taxed  to 
devise  means  to  hold  glasses  properly  before  the  eyes.  They 
are  usually  placed  in  round,  oval,  oblong,  or  octagon  groove 
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Figure  36. 


Figure  37. 

rings,  and,  in  what  are  called  spectacles,  the  rings  are  con- 
nected by  a  bridge  of  wire  that  rests  on  the  nose.  At  the 
outer  sides  of  the  rings,  attached  by  a  joint,  are  placed  wings, 
that  rest  on  the  sides  of  the  head  above  the  ears.  The 
accompanying  figures  represent  some  of  the  forms  of  glasses 
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and  spectacle  frames  to  be  found  in  the  stock   kept  by  opti- 
cians and  dealers  in  spectacles." 

Fig.  38  illustrates  what  is  called  turn-pin  temples ;  the 
wings  are  jointed,  and  the  end  pieces  turn  down  behind  the 
ears,  giving  the  glasses  a  firmer  support.  This  form  is  par- 
ticularly adapted   for   cylindrical  lenses  that   require   to   be 
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Figure  38. 
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Figure   39. 


fixed  in  a  certain  unchangeable  position  ;  also,  for  strong, 
positive,  and  negative  glasses,  that,  owing  to  their  weight, 
are  liable  to  be  displaced  by  sudden  jars,  quick  motions  of 
the  head,  etc. 


*  These  cuts  arc  taken  from  the  catalogue  of  James  W.  Queen  &  Co.,  Opti- 
cians, 924  Chestnut  Street,  Philadelphia,  and  601  Broadway,  New  York.  For 
the  benefit  of  persons  living  at  a  distance  from  metropolitan  cities,  and 
where  the  assortment  of  glasses  of  different  foci,  kept  by  local  dealers,  .is 
limited  (particularly  the  weaker  numbers,  as  z\,  fo  ft),  I  would  say  that 
all  varieties  of  spectacles  recommended  in  this  work  may  be  obtained  from 
this  house,  among  others,  through  the  mails  or  otherwise.  Many  forms  of 
spherico-cylindrical  and  spherieo-prismatic  glasses  are  not  kept  in  the  trade,  and 
consequently  mu^t  be  ground  according  to  measurements  given  by  the  ophthal- 
mic surgeon.     These  may  also  be  obtained  of  this  establishment 
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Fig.  40  represents  what  are  called  hook  sides.  The 
frames  are  very  light,  and  have  not  sufficient  strength  of 
spring  to  hold  the  glasses  in  position ;  the  curved  parts  of 
the  wings  rest  behind  the  ears  and  give  support  to  the 
frames.  They  are  generally  selected  by  young  persons  for 
whom  spectacles  are  prescribed,  and  answer  very  well  for 
the  weaker  numbers,  but  they  have  not  sufficient  strength  for 
glasses  of  short  focal  distances.  For  public  speakers  and 
persons  who  are  presbyopic,  the  form  of  glass  represented 
in  Fig.  39  is  particularly  recommended.  They  are  known  as 
palpit  spectacles.     When  wearing  them,  in  looking  up,  the 


Figure  40. 
EYE  PROTECTORS. 


Figure  41. 

view  is  unobstructed,  but  in  turning  the  eyes  downwards, 
print,  writing,  etc.,  is  sharply  seen,  thus  obviating  the  neces- 
sity of  frequently  applying  and  removing  the  glasses. 

The  material  of  which  spectacle  frames  are  made  should 
be  as  light  and  as  elastic  as  possible ;  but,  at  the  same  time, 
have  the  proper  degree  of  strength  ;  blue  steel  fulfils  both 
of  these  requirements  better  than  anything  else,  and  is  there- 
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fore  preferable  to  gold  or  silver,  besides  being  much  cheaper 
than  the  former  metal. 

WIRE  GAUZE  EYE  PROTECTORS. 


Figure  42. 

Adjustment  of  Spectacles. —  In  placing  glasses  before  the 
eyes,  they  should  be  so  adjusted  as  to  be  parallel  to  the 
planes  of  the  pupils,  and  their  axes  should  correspond,  as 
nearly  as  possible,  with  the  visual  lines.  For  near  vision,  the 
former  object  is  accomplished  by  bending  the  bridge  so  as 
to  give  the  proper  inclination  to  the  spherical  surfaces ;  the 
latter  by  modifying  the  length  and  vertical  curvature  of  the 
bridge  to  suit  each  individual  case.  Eyes  differ  greatly  in 
their  reciprocal  distance,  and  there  is  even  a  greater  indi- 
vidual difference  in  the  height  of  the  nasal  bones.  The 
ophthalmic  surgeon  has  not  done  enough  when  he  has  pre- 
scribed the  proper  focal  length  of  glasses  ;  he  should  see 
that  the  frames  are  so  constructed  that  the  spherical  surfaces 
are  suitably  centred.  When  glasses  are  worn  for  seeing  at 
a  distance,  the  visual  lines  being  parallel,  the  connecting 
bridge  should  be  longer  than  when  spectacles  are  worn  for 
near  vision.  If  the  same  glasses  are  used  for  seeing  both 
near  and  distant  objects,  they  should  be  so  centred  that  their 
axes  lie  at  an  intermediate  point  between  parallel  visual 
lines  and  those  of  maximum  convergence.  For  seeing  dis- 
tant objects,  the  glasses  should  be  set  high,  and  this  requires 
the  vertical  curvature  of  the  connecting  bridge  to  be  changed 
according  to  the  height  of  the  nasal  bones.  To  see  near 
objects,  the  glasses  should  be  set  low,  and  as  in  reading, 
writing,  and  doing  fine  work,  etc.,  the  eyes  are  turned  down- 
wards, the  lower  edges  of  the  glasses   should  be   inclined 
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backwards  so  as  to  bring  their  surfaces  parallel  to  the  planes 
of  the  pupils. 

Eye-Glasses. 

In  the  form  of  spectacles  known  to  opticians  as  eye-glasses, 
the  rims  surrounding  the  lenses  are  connected  by  means  of 
a  steel  spring,  as  shown  in  the  accompanying  figures,  which 


Figure   43. 

represent  some  of  th  t  forms  in  general  use.  They  are  held 
in  position  by  the  spring,  which  presses  the  borders  of  the 
rims  against  the  sides  of  the  nose.  They  are  very  easily 
and  quickly  applied,  and  serve  their  purposes  excellently 
well  when  used  only  for  a  short  time,  but  are  easily  displaced, 


Figure  44. 

and  if  long  worn,  the  pressure  on  the  integuments  is  liable 
to  cause  pain  and  irritation  ;  hence,  for  constant  use  specta- 
cles are  preferable.  It  is  by  no  means  a  matter  of  taste  or 
fancy  which  form  of  eye-glasses  is  selected.  They  require 
to  be   centred  with  the   same  care  as   spectacles.     If  the 
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reciprocal  distance  of  the  eyes  is  small,  and  the  width  of  the 
nasal  processes  slight,  small  round  glasses,  as  represented  in 
Fig.  43,  should  be  selected.  If  the  eyes,  with  the  same 
breadth  of  nasal  processes,  are  farther  apart,  Fig.  44  shows 
the  proper  form  to  suit  the  case.  For  narrow  nasal  pro- 
cesses, with  widely  separated  eyes,  Fig.  45  shows  the  form 
that  may  be  required,  and  it  is  sometimes  necessary  to  corn- 


Figure  45. 


Figure  46. 

bine  this  form  with  glasses  of  large  circumference,  in  order 
that  their  axes  may  be  sufficiently  separated  to  correspond 
with  parallel  visual  lines.  From  the  above  it  will  be  seen 
that  it  is  not  sufficiently  explicit  to  prescribe  eye-glasses  of 
a  certain  focal  length  —  the  form  adapted  to  each  particular 
case  should  be  specified.  Gold  is  too  heavy  a  metal  for  the 
frames  of  eye-glasses;  owing  to  its  greater  weight,  the  con- 
necting spring  requires  to  be  stronger,  and  an  increased 
pressure  on  the  sides  of  the  nose  is  necessary  to  hold  the 
glasses  in  position. 
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Selection  of  Spectacles.  —  In  order  that  spherical  glasses 
may  fulfil  the  purposes  for  which  they  are  prescribed,  it  is 
of  the  utmost  importance  that  they  should  be  carefully  con- 
structed ;  the  spherical  surfaces  should  be  accurately  ground 
and  free  from  all  imperfections;  each  glass  should  exactly 
correspond  in  focal  distance.  As  "the  laborer  is  worthy 
of  his  hire,"  careful  construction  is  inconsistent  with  great 


Figure  47. 


Figure  48. 

cheapness ;  hence,  very  cheap  spectacles  should  be  avoided ; 
they  are  often  made  of  defective  lenses,  and  consequently 
are  sold  at  reduced  prices.* 

The  materials  of  which  spectacle-lenses  are  made  are  crown- 
and  flint-glass  and  rock-crystal  ;  the  latter  familiarly  known 
as  "  pebble."  For  weak  spherical  glasses  it  is  almost  a  mat- 
ter of  indifference  of  which  material  they  are  made ;  but  for 
high  numbers,  crozvn-glass  should  have  the  preference.  Flint- 
glass  and  rock-crystal  are  harder,  consequently  not  so  easily 
scratched,  but  they  disperse  light  much  more  in  proportion 

*  For  those  who  cannot  conveniently  have  the  errors  of  refraction  accurately 
determined  by  a  skilled  ophthalmic  surgeon,  instructions  are  given,  at  the  end  of 
this  book,  by  means  of  which  they  can,  with  tolerable  accuracy,  select  the  strength 
and  kind  of  glasses  needed.  These  instructions  will  also  be  useful  to  jewellers, 
and  other  venders  of  spectacles. 
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to  their  refractive  power  than  the  softer  crown-glass.  Don- 
ders  says  :  "  Flint-glass,  and  especially  rock-crystal,  are  harder 
and  not  so  easily  scratched.  This  is  particularly  a  recom- 
mendation in  the  case  of  convex  glasses,  which  are  so  much 
more  liable  to  be  scratched.  Against  the  advantage  just 
mentioned  as  being  possessed  by  flint-glass  and  crystal,  must 
be  set  down  the  disadvantage  of  greater  power  of  dispersion. 
Hence  it  would  appear  that  for  strong  glasses  the  preference 
ought  to  be  given  to  crown-glass.  This  is  especially  true  of 
concave  glasses,  and  as  to  convex  glasses  of  crown-glass, 
their  low  price  makes  it  easy,  if  they  are  scratched,  to  replace 
them  with  others."  He  further  adds  :  "  The  nature  of  the 
material  of  which  the  glasses  are  prepared  can  be  best  ascer- 
tained by  determining  the  coefficient  of  light;  and  if  this  is 
done,"  he  continues,  "  we  shall  find  that  many  lenses  are  con- 
sidered to  be  pebbles  which  consist  of  flint-glass,  or  even  of 
simple  crown-glass." 

Why  Does  the  Pupil  Appear  Black  ? 

As  simple  as  the  answer  to  this  question  now  appears  to 
us,  it  remained  for  a  long  time  unanswered ;  it  was  regarded 
as  a  natural  fact,  for  which  no  scientific  explanation  could  be 
given.  Mery,  in  1709,  saw  the  retina  and  its  vessels  in  the 
eye  of  a  cat  held  under  water.  Afterwards,  La  Hire  explained 
the  phenomenon  by  considering  that  the  rays  of  light  from 
the  retina  of  the  cat  were  rendered  divergent  after  leaving  the 
eye  by  the  water,  and  that  the  eye  of  the  observer  received 
some  of  these  divergent  rays,  uniting  them  on  his  own  retina, 
and,  as  a  consequence,  saw  the  interior  of  the  cat's  eye. 
Beher,  in  1839,  added  to  the  previously  existing  knowledge 
of  this  subject  by  experimenting  on  an  eye  in  which  the  iris 
was  absent.  Briicke  came  very  near  solving  the  mystery, 
but  failed  to  arrive  quite  at  the  true  explanation.  It  is  a 
law  of  optics  that  a  ray  of  light,  after  passing  through  a 
refracting  medium,  on  being  thrown  back,  exactly  retraces 
its  first  course  ;    hence,  when   rays  enter  the  eye  they  are 
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so  refracted  as  to  unite  in  a  point  at  or  near  the  retina, 
a  part  of  the  rays  are  absorbed  by  the  tapetum  or  dark 
pigment  of  the  choroid,  another  part  is  reflected  or  thrown 
back,  and,  according  to  the  established  law,  retrace  their 
first  course.  If  the  observed  eye  be  accurately  accommo- 
dated for  the  illuminating  flame,  the  reflected  rays  will 
pass  directly  back  to  the  source  of  light ;  the  image  and  the 
flame  will  be  images  of  each  other.  For  an  observer  to  see 
into  the  illuminated  eye,  he  must  place  his  own  eye  in  the 
course  of  the  returning  rays;  but  in  so  doing,  he  shuts  out  the 
incident  light,  consequently,  he  sees  only  his  own  dark  pupil 
reflected.*  If  the  light  be  placed  by  the  side  of  the  eye  of 
the  observer,  and  the  latter  be  protected  by  a  screen  from  the 
direct  rays,  then  if  the  observed  eye  be  accommodated  for 
some  other  point  than  the  light  of  the  candle,  all  the  reflected 
rays  will  not  pass  directly  back  to  the  candle,  and  the  ob- 
server will  receive  some  of  them  in  his  own  eye,  and,  as  a 
consequence,  a  faint  reddish  reflex  from  the  observed  pupil 
will  be  seen.  If  the  pupil  of  the  observer  could  be  an  inde- 
pendent source  of  illumination,  then  the  observed  and 
observer  could  reciprocally  see  the  fundus  of  each  other's 
eyes.  As  soon  as  Helmholtz  discovered  the  true  cause  of 
the  pupil  under  ordinary  circumstances  appearing  dark,  he 
at  once  put  the  knowledge  to  practical  use  by  inventing  the 
ophthalmoscope,  an  instrument  which  ranks  equal  in  impor- 
tance with  any  of  the  inventions  of  the  nineteenth  century. 

*  In  my  lectures,  I  am  in  the  habit  of  illustrating  the  effect  of  interposing  the 
eye  of  the  observer  in  the  course  of  the  incident  light,  by  placing  a  small  picture 
in  the  bottom  of  a  long,  narrow  metal  tube,  as,  for  example,  a  gun-barrel. 
If  the  tube  be  placed  in  the  direct  sunlight,  so  that  the  rays  pass  down  the  bar- 
rel, the  picture  will  be  illuminated,  and  the  reflected  rays  return  nearly  in  the 
course  of  their  entrance.  Now,  if  the  observer  attempt  to  see  the  picture  at  the 
bottom  of  the  barrel,  his  eye  shuts  out  the  direct  rays,  and  he  sees  the  interior 
of  the  tube  dark.  If  the  ends  of  the  barrel  be  reversed,  and  the  sunlight  be 
reflected  into  it  by  a  plane  mirror  having  a  small  opening  made  by  removing  a 
portion  of  the  metallic  covering,  the  eye  placed  behind  the  opening  will  see  the 
picture.     In  the  eye,  the  rays  are  refracted  both  before  and  after  reflection. 
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By  means  of  it  we  are  enabled  to  observe  the  interior  struc- 
tures of  the  eye  as  they  appear  in  health  and  in  disease, 
to  determine  the  errors  of  refraction,  to  watch  pathological 
changes  as  they  progress,  to  ascertain  the  nature  and  extent 
of  these  changes,  and  thus  to  apply  rational  treatment  to 
each  individual  case,  or  to  decide  at  once  whether  or  not  the 
lesions  are  beyond  the  reach  of  remedial  measures. 

The   Ophthalmoscope. 

After  Helmholtz  demonstrated  the  true  cause  why  the 
pupil  appears  black,  it  became  evident  that,  in  order  to  see 
the  bottom  of  the  eye,  it  is  only  necessary  to  place  the  pupil 
of  the  observer  in  the  course  of  the  returning  rays,  and  he 
at  first  accomplished  this  by  placing  by  the  side  of  the  eye 
he  wished  to  examine  a  lighted  lamp.  He  then  held  in 
front  of  his  own  eye  a  strip  of  plate-glass,  in  such  a  posi- 
tion that  the  rays  from  the  lamp  were  reflected  into  the  pupil 
of  the  observed  eye ;  the  returning  rays  were  then  in  part, 
after  falling  on  the  surface  of  the  glass,  reflected  back  to 
their  source  ;  another  part  was  transmitted  through  the  glass 
and  reached  his  own  eye,  and,  as  a  consequence,  he  saw  the 
red  reflex  from  the  fundus  of  the  observed  eye,  thus  demon- 
strating the  correctness  of  his  conclusions.  This  form  of 
ophthalmoscope  does  not  illuminate  the  eye  sufficiently,  and 
the  observer  receives  but  a  comparatively  faint  image  upon 
his  retina  —  too  feeble  for  him  to  sharply  separate  the  sensa- 
tions produced  by  reflected  light  from  the  different  parts  of  the 
fundus  of  the  observed  eye.  In  order  to  increase  the  illumi- 
nation, another  form  of  ophthalmoscope  has  been  constructed. 
In  place  of  using  plate-glass  for  a  reflector,  a  small  round 
mirror  of  polished  steel  or  silvered  glass  is  substituted, 
and  in  its  centre  is  a  small  perforation,  to  allow  the  rays  to 
pass  through  to  the  eye  of  the  observer.  Instead  of  the 
divergent  rays  from  the  lamp,  these  arc  rendered  conver- 
gent by  means  of  a  convex  lens,  so  placed  as  to  throw  a  con- 
verging cone  on  the  plain  mirror,  which,  after  reflection,  con- 
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tinues  convergent,  and  the  observed  eye,  placed  at  a  proper 
distance,  receives  through  its  pupil  the  apex  of  the  cone ; 
the  rays  cross  in  the  vitreous  humor  and  fall  on  the  retina 
in  circles  of  diffusion,  illuminating  the  parts  on  which  the 
light  falls.  A  portion  of  this  diffuse  light,  provided  the  eye 
be  emmetropic  and  adjusted  for  the  far  point,  takes  the  same 
backward  course  as  rays  that  are  parallel  when  entering  the 
eye,  consequently  they  emerge  parallel ;  those  passing 
through  the  small  opening  in  the  mirror  are  received  by  the 
eye  of  the  observer,  and  if  his  accommodation  be  relaxed, 
he  sees  a  virtual,  erect,  magnified  image  of  the  retina  of  the 
observed  eye.  If  the  observed  eye  be  myopic  or  accommo- 
dated for  a  nearer  point,  then  the  emerging  rays  will  be  con- 
vergent, and  must  be  rendered  parallel  by  a  concave  lens 
before  the  observer  can  see  the  retina  of  the  observed  eye. 
A  concave  mirror  with  a  focal  length  of  6"  to  10"  has  been 
substituted  for  the  plain  one,  to  obviate  the  necessity  of 
using  a  convex  lens  to  produce  a  convergent  cone  of  light. 

Actual  Inverted  Image. 

To  obtain  an  actual  inverted  aerial  image  of  the  fundus 
of  the  eye,  a  convex  lens  of  short  focal  length  must  be 
placed  near  the  observed  eye.  The  convergent  rays,  after 
passing  through  the  lens,  become  still  more  convergent; 
they  cross  before  reaching  the  retina,  and  illuminate  that 
part  of  the  fundus  on  which  they  fall ;  the  returning  rays 
emerge  from  the  eye  either  parallel  or  slightly  divergent, 
fall  on  the  lens  and  are  united  in  its  focus,  thus  forming  an 
actual  inverted  aerial  image  of  the  illuminated  portion  of 
the  retina.  The  observer  accommodates  his  eye  for  this 
image,  and  obtains  a  distinct,  sharply-defined  view  of  the 
retina  and  its  blood-vessels,  the  details  all  appearing  in  a 
plane.  In  order  to  obtain  a  binocular  view  of  the  ocular 
fundus,  Giraud  Teulon  constructed  a  binocular  ophthalmo- 
scope which  divides  the  fasciculus  of  rays  into  two  parts,  by 
means  of  two  rhomboidal  prisms  of  glass,  with  their  edges 
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placed  in  apposition,  behind  the  hole  in  the  mirror.  (Fig.  7, 
page  33.)  The  surfaces  of  the  prisms  are  so  ground  that  each 
produces  double  total  reflection  at  angles  of  45 °.  The  com- 
bined lengths  of  the  rhombs  are  such  that  the  emerging 
rays  from  each  fall  in  the  axis  of  vision  of  the  corresponding 
eye  of  the  observer ;  with  but  slight  efforts  of  convergence, 
he  is  enabled  to  fuse  the  two  retinal  images,  and  thus  get 
a  stereoscopic  view  of  the  fundus  of  the  observed  eye,  from 
the  actual  inverted  image ;  the  blood-vessels,  elevations,  and 
depressions  of  the  retina  are  seen  in  bold  relief  instead  of 
in  a  plane,  as  with  the  monocular  ophthalmoscope. 

Entoptic  Phenomena. 

The  refractive  media  of  the  eye  are  said  to  be  perfectly 
transparent.  They  are  so  under  ordinary  circumstances  ;  but 
under  certain  other  circumstances,  minute  opaque  bodies 
resting  on  the  surface  of  the  cornea,  in  the  crystalline  lens, 
and  others  fixed  or  floating  in  the  vitreous  humor,  cast  visible 
shadows  on  the  retina.  These  bodies  are  very  small  in  com- 
parison with  the  size  of  the  cone  or  pencil  of  light  passing 
through  the  unobstructed  pupil.  In  the  first  part  of  this 
work,  it  has  been  shown  that  a  hair  placed  in  the  light  of  the 
sun  casts  no  shadow  on  a  screen  held  a  few  inches  distant; 
but  if  the  source  of  illumination  be  a  point,  a  shadow  is 
formed  at  any  distance  at  which  the  screen  may  be  held. 
This  phenomenon  is  explained  by  the  laws  of  diffraction. 
The  same  explanation  is  applicable  to  the  phenomena  of 
entoptic  perceptions  of  the  shadows  of  opaque  bodies  in  the 
refractive  media  of  the  eye.  Ordinarily,  the  amount  of  light 
admitted  through  the  large  surface  of  the  unobstructed  pupil 
acts  on  the  opaque  bodies  in  the  same  manner  as  the  sun  on 
the  hair.  The  rays  of  light  bend  around  the  minute  bodies, 
and  their  shadows  are  washed  out  or  obliterated  before  reach- 
ing the  retina;  but  if  the  light  admitted  into  the  eye  comes 
from  a  luminous  point,  these  opaque  bodies  cast  visible 
shadows  on  the  retina.     A  luminous  point,  for  this  purpose, 
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may  be  obtained  by  concentrating,  by  means  of  a  strong 
convex  lens,  the  light  of  a  lamp  on  a  small  perforation  made 
by  a  fine  needle  in  a  blackened  card.  If  the  luminous  point 
be  held  nearer  the  eye  than  its  anterior  focus,  the  rays  will 
be  divergent  in  the  vitreous  humor  and  the  shadows  will  be 
larger  than  the  opaque  bodies  ;  if  held  at  the  anterior  focus, 
the  rays  in  the  vitreous  will  be  parallel  and  the  shadows  will 
be  of  the  same  size  as  the  opaque  bodies.  If  the  luminous 
point  be  farther  from  the  eye  than  its  anterior  focus,  the  rays 
will  be  convergent  and  shadows  will  be  smaller  than  the 
objects  casting  them.  Instead  of  a  luminous  point  produced 
in  the  manner  above  specified,  we  may  use  feebler  diffuse 
light  from  the  sky,  or  from  a  ground-  or  milk  glass  globe 
over  a  gaslight,  or  a  sheet  of  white  paper  placed  before  a 
brightly  burning  lamp.  The  part  of  the  retina  illuminated 
corresponds  with  the  size  of  the  circles  of  diffusion  from 
the  luminous  point.  It  is  only  luminous  points  that  project 
sharply-defined  shadows,  and  as  the  opening  through  which 
the  light  is  admitted  has  an  appreciable  surface,  the  contours 
of  the  shadows  are  not  perfectly  sharp,  but  are  surrounded 
by  a  graduated  penumbra,  which  gradually  disappears  in  the 
illuminated  surface.  If  the  luminous  point  be  very  minute, 
the  borders  of  the  shadows  will  be  surrounded  by  alternate 
lines  of  light  and  dark  fringes  of  diffraction  ;  with  a  larger 
luminous  surface  these  fringes  disappear  in  the  penumbra. 
The  nearer  the  opaque  bodies  are  to  the  retina,  the  more 
sharply  defined  will  be  the  borders  of  the  shadows. 

On  looking  at  the  hole  in  the  card,  which  is  illuminated 
by  the  light  concentrated  in  a  point  by  the  convex  lens,  or 
by  diffused  light  of  the  sky,  or  a  lamp  covered  by  a  ground- 
glass  shade,  we  see  on  the  surface  of  the  cornea  stripes 
dependent  on  layers  of  moisture  and  mucus  pushed  before 
the  edges  of  the  eyelids,  also  fat  globules  secreted  and 
thrown  off  by  the  palpebral  glands,  bubbles  of  air,  etc.  In 
the  spectrum  of  the  crystalline  lens,  which,  to  be  distinctly 
visible,   requires  the  luminous   point  to  be  very  small,  the 
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illumination  is  then  less,  and  the  whole  surface  appears  as 
if  covered  by  crape.  We  see  pearl  spots  having  nearly 
round  disks  with  circumscribed  dark  margins ;  these  are 
more  numerous  near  the  periphery,  and  are  better  seen  when 
the  pupil  is  widely  dilated.  Black  spots  are  less  frequently 
observed  ;  they  are  either  round  or  of  an  irregularly  angular 
or  oblong  form.  Also  may  be  seen  white  lines  with  dark 
boundaries,  radiating  from  a  centre,  and  which  correspond  to 
the  lines  of  separation  between  the  different  sectors  of  the 
lens.  The  number  of  these  bodies  increases  with  advancing 
years,  and  is  one  of  the  causes  of  the  diminution  of  vision 
which  accompanies  old  age.  In  forming  the  spectrum  of 
the  vitreous  humor,  we  may  use  a  card  having  a  larger  per- 
foration, because  the  opaque  bodies  are  nearer  to  the  retina; 
on  looking  through  the  hole  directed  towards  the  illumi- 
nation, muscce  volitantes  are  seen  in  great  numbers  float- 
ing in  the  vitreous;  they  are  apparently  falling  in  the 
visual  field,  but  in  reality,  having  a  less  specific  gravity 
than  the  vitreous,  are  rising  to  the  top  of  the  eye.  Some  of 
these  bodies  are  seen  as  isolated  little  circles,  some  with 
dark,  others  with  pale  contours  with  a  bright  centre  ;  also 
coherent  groups  of  little  bodies  connected  by  threads  resem- 
bling strings  of  pearls.  These  floating  bodies  mingle  with 
the  vitreous  whenever  the  eye  is  quickly  moved,  and  gradu- 
ally fall  in  the  field  of  vision  when  the  eye  is  at  rest. 
Muscae  volitantes  are  found  in  all  eyes,  but  after  vascular  dis- 
turbance their  number  and  size  greatly  increase,  so  as  to 
produce  more  or  less  disturbance  of  vision,  and  often  create 
forebodings  of  future  loss  of  vision.  Their  presence  need  not 
create  unnecessary  alarm,  except  in  high  grades  of  myopia. 
Donders  says,  in  reference  to  this  subject,  "  that  few  symp- 
toms prove  so  alarming  to  persons  of  a  nervous  habit  or 
constitution  as  muscae  volitantes,  and  they  immediately  sup- 
pose that  they  are  about  to  lose  their  sight  by  cataract  or 
amaurosis.  Often,  alas!  this  anxiety  is  even  still  kept  up  by 
ignorant  practitioners." 
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Entoptic  Perception  of  the  Retinal  Vessels. 

Helmholtz   gives  three  different  methods  which  may  be 
employed  to  obtain  a  perception  of  the  retinal  vessels. 

1st  By  concentrating  in  a  small  point  on  the  sclerotica,  as 
far  as  possible  from  the  cornea,  by  means  of  a  strong  convex 
lens,  a  very  intense  light  —  that  of  the  sun  is  the  best.  If 
the  eye  be  turned  towards  a  dark  back-ground,  the  visual  field 
seems  illuminated  by  a  yellowish-red  light,  in  which  appears 
a  plexus  of  dark  vessels,  resembling  the  branches  of  a  tree. 
The  plexus  corresponds  to  the  blood-vessels  of  the  retina. 
They  are  much  more  distinctly  seen  if  the  bright  point  — 
which  should  be  very  small  —  is  moved  to  and  fro  on  the 
sclerotica.  The  explanation  of  this  phenomenon  is  this. 
The  sclerotic  coat  is  translucent,  and  permits  the  diffuse 
light  to  pass  through  it;  it  is  transmitted  in  the  same  man- 
ner by  the  choroidal  coat,  and  thus  the  interior  of  the  eye  is 
illuminated.  As  shown  in  Fig.  49,  v 
represents  the  section  of  a  retinal  ves- 
sel; k,  the  nodal  point  of  the  eye. 
When  the  focus  of  incident  light  falls 
on  the  sclerotica,  at  a,  it  enters  the 
eye,  and  casts  a  shadow  of  v  on  the 
retina,  at  a' ;  the  eye  then  projects  the 
shadow  as  a  dark  line  in  the  visual 
field,  in  the  direction  a'  A. 

If  the  light  falls  on  b,  the  shadow  is 
cast  on  B',  and  a  dark  line  is  seen  in 
the  visual  field  at  B. 

2d.  The  second  method  employed 
for  the  observation  of  the  retinal  ves- 
sels is  as  follows :   When  the  eye  is 
Figure  49.  turned  towards  a  dark  back-ground,  a 

brightly  burning  lamp  is  held  by  its  side,  or  beneath  it,  and 
moved  up  and  down,  or  laterally  to  and  fro  ;  soon  the  back- 
ground  is  covered  by  a  whitish  reflection,  on  which  are  de- 
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picted  the  dark  shadows  of  the  retinal  vessels.  If  the  light 
be  placed  laterally,  we  principally  see  the  vertical  vessels ;  if 
vertically,  the  horizontal  vessels  are  more  distinctly  visible. 
The  shadows  are  formed  in  a  manner  similar  to  those  above 
described,  except  that  the  light,  instead  of  passing  directly 
through  the  scleral  and  choroidal  coats,  passes  obliquely 
through  the  pupil  and  illuminates  the  opposite  side  of  the  in- 
terior of  the  eye,  where  it  is  reflected  so  as  to  form  the 
shadows,  which  are  projected  outwards,  as  shown  in  the 
preceding  figure. 

3d.  The  third  method  of  observing  the  retinal  vessels  con- 
sists in  looking  through  a  small  hole  in  a  blackened  card  at 
a  brightly  illuminated  field  —  as  the  sky  —  and  giving  the 
card  a  rapid  motion  to  and  fro.  The  retinal  vessels  appear 
very  finely  depicted  in  shadows  on  the  bright  back-ground. 
If  the  movements  are  horizontal,  only  the  vertical  vessels  are 
seen;  if  vertical,  the  horizontal  ones  come  in  view.  The  same 
phenomenon  can  be  observed  by  looking  at  an  object  in  a 
compound  microscope.  The  eye  should  be  placed  above 
the  instrument,  so  as  to  see  the  uniform  illumination  of  the 
diaphragm,  when,  by  a  little  motion  of  the  head,  the  retinal 
vessels  are  very  finely  and  very  sharply  projected  as  shadowy 
lines  in  the  field  of  the  instrument. 
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VISUAL   SENSATIONS. 


As  formerly  stated,  the  excitation  of  the  optic  nerve  causes 
a  sensation  of  light.  This  result  can  be  produced  by  various 
means,  as  by  a  blow  on  the  head  or  on  the  eye.  This  fact  is 
so  well  known  that  many  persons,  in  describing  the  severity 
of  a  blow  which  they  have  received,  remark  that  "  it  made 
me  see  stars."  In  removing  the  eye  for  cancerous  or  other 
affections,  the  act  of  dividing  the  optic  nerve,  although  caus- 
ing scarcely  any  pain,  is  often  accompanied  by  a  vivid  sen- 
sation of  light  resembling  that  produced  by  a  flash  of  light- 
ning. In  certain  diseased  conditions  of  the  nervous  struc- 
ture of  the  eye,  when  the  sensibility  of  the  retina  is  en- 
tirely destroyed,  and  all  quantitative  perception  of  light  has 
long  since  disappeared,  luminous  chains,  rings,  sparks  or 
flashes  of  light,  are  often  seen,  and  sometimes  are  of  such 
frequent  occurrence  as  to  cause  considerable  annoyance. 
The  irritation  of  the  stump  of  the  optic  nerve  left  after  the 
enucleation  of  the  eye  causes  luminous  sensations.  In- 
creased pressure  of  blood  and  weak  electrical  currents 
passed  through  the  optic  nerve,  even  far  within  the  brain, 
cause  a  sensation  of  light.  More  prolonged  luminous  sen- 
sations may  be  produced  by  pressing  the  side  of  the  globe 
of  the  eye  with  some  small,  hard  substance,  as,  for  instance, 
the  finger-nail.  The  retina  immediately  beneath  the  pres- 
sure is  excited,  and  luminous  rings  appear  in  the  field  of 
vision  on  the  opposite  side  ;  these  are  called  phosphenes. 
These  phenomena  have  been  studied  with  much  care  by  Pur- 
kinje  and  Czermak,  and  a  great  variety  have  been  produced 
and  recorded.  The  effect  is  most  decided  when  the  nail  is 
pressed  on  the  equator  of  the  globe  where  the  sclerotic  coat 
is  the  thinnest.  None  of  these  means  of  excitation  of 
the  optic  nerve  are  available  for  the  perception  of  external 
objects.    The  only  excitant  of  the  sensitive  fibres  of  the  nerve 
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that  makes  us  conscious  of  the  existence  of  objects  situated 
in  space,  are  waves  of  elastic  ether  entering  the  eye  and  falling 
on  the  retina,  thus  producing  mechanical  irritation,  causing  a 
continuous  sensation  of  light  for  an  indefinite  period  of  time, 
or  as  long  as  the  ether  waves  are  permitted  to  enter  the  eye. 
Waves  of  ether  having  the  longest  periods  of  duration  when 
they  fall  on  the  skin  cause  a  sensation  of  heat,  but  falling  on 
the  retina  produce  no  luminous  impression  ;  on  the  contrary, 
waves  having  shorter  periods  of  duration,  falling  on  the  skin 
scarcely  produce  any  sensible  heat,  but  entering  the  eye  and 
impinging  on  the  retina,  cause  a  sensation  of  light.  It  is  to 
the  luminous  sensation  caused  by  waves  of  elastic  ether  fall- 
ing upon  the  retina  that  has  been  given  the  name  of  light. 
It  is  evident  that  light  does  not  exist  in  nature  ;  it  is  simply 
a  sensation  produced  by  mechanical  irritation  of  nerves  of 
special  sensation.  Waves  of  elastic  ether  falling  on  the  body 
of  the  nerve  produce  no  sensible  effect.  A  cone  of  luminous 
rays  thrown  into  the  eye  with  the  ophthalmoscope,  its  apex 
falling  on  the  optic  disk,  penetrates  the  nerve,  rendering 
blood-vessels  situated  at  a  considerable  depth  visible,  and 
returns,  yet  no  sensation  is  felt  beyond  a  feeble  illumination, 
caused  by  diffuse  light  or  reflected  rays  from  the  nerve  sur- 
face striking  the  retina.  The  moment  that  the  apex  of  the 
cone  passes  from  the  disk  and  falls  on  the  retina,  a  most 
intense  luminous  sensation  is  felt.  The  optic  disk,  the  space 
occupied  by  the  entrance  of  the  optic  nerve  and  its  blood- 
vessels into  the  eye,  is  situated  in  the  horizontal  meridian,  at 
the  nasal  side  of  the  posterior  scleral  pole,  and  its  vertical 
dimensions  form  an  angle  at  the  optical  centre  of  the  eye  of 
about  6°  ;  horizontally  of  8°.  Its  inner  border  is  about  12°, 
horizontally,  from  the  external  side  of  the  fovea  centralis. 
On  the  disk  the  image  makes  no  impression,  hence  it  is 
known  as  the  Punclum  Co e cum,  or  Blind  Spot  of  Mariotte, 
after  the  name  of  its  discoverer.  The  announcement  of  this 
discovery  created  much  excitement  among  the  learned  men 
of  Europe,  and  Mariotte  was   induced  to  repeat  many  amus- 


122  PHYSIOLOGICAL    OPTICS. 

ing  experiments,  showing  the  insensibility  of  this  point,  be- 
fore the  king  of  England,  in  1668.  Among  these  was  one 
which  consisted  in  placing  twelve  men  in  a  line,  in  such  a 
position  that  one  of  them  appeared  without  a  head.  The 
position  of  the  blind  spot  may  easily  be  found  by  the  follow- 
ing experiment.  Place  on  the  right  thumb-nail  a  small  piece 
of  white  paper,  close  the  left  eye  and  hold  both  thumbs  side 
by  side  directly  in  front  of  the  eye,  in  the  horizontal  plane, 
ten  or  twelve  inches  distant ;  keep  the  eye  steadily  fixed  on 
the  nail  of  the  left  thumb,  and  move  the  one  covered  with 
the  paper  to  the  right ;  at  a  distance  of  four  or  five  inches 
the  image  of  the  paper  falls  on  the  optic  disk  and  it  becomes 
invisible.  Move  the  thumb  a  little  to  the  right,  left,  upwards, 
or  downwards,  and  the  paper  again  comes  in  view.  The 
same  can  be  shown  by  looking  at  Fig.  50.    If  the  left  eye  be 


Figure  50. 

closed  and  the  page  held  vertically  before  the  right,  the  eye 
being  steadily  fixed  on  the  cross  at  the  left-hand  side  of  the 
figure,  then  if  the  book  be  slowly  moved  backwards  and  for- 
wards, at  some  point  eight  or  ten  inches  distant  from  the  eye, 
the  white  spot  has  its  image  formed  directly  on  the  optic 
nerve,  and  disappears  from  view.  Helmholtz,  in  alluding  to 
the  size  of  the  blind  spot,  states  that  eleven  full  moons 
placed  side  by  side  might  have  their  images  formed  on  the 
optic  disk  and  be  invisible,  and  that  the  figure  of  a  man,  at 
the  distance  of  seven  or  eight  feet,  may  disappear  from  view. 
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The  retina  is  formed  by  the  expansion  of  the  optic  nerve, 
and  lies  between  the  choroid  coat  and  vitreous  humor.  It  is 
transparent,  and  contains,  besides  formations  peculiar  to  itself, 
microscopic  elements  found  in  other  nervous  tissues,  and  is 
composed  of  several  different  layers,  some  of  which  are 
known  as  nerve  layers  proper,  others  as  mosaic  layers ;  the 
latter  are  the  external  granular,  'and  the  rods  and  cones 
which  terminate  in  the  posterior  layer  of  the  retina,  and  are 


g,  Layer  rods. 

/,  External  limitans. 
f,  External  granular  layer. 

d,  Inter-granular  layer. 

e,  Internal  granular  layer. 
/',  Finely-granular  layer. 

c,  Inner  filament  layer. 
b,  Layer  of  ganglion  cells. 
.'  \  Nerve-filament  layer. 

i.  Internal  limitans. 


Figure  51.     Anatomy  of  the  Retina. 

regarded  as  having  an  intimate  connection  with  the  specific 
sense  of  vision.  These  are  shown  in  Fig.  5  1,  after  H.  M  idler. 
The  rods  and  cones  are  unequally  distributed  in  the  retina  ; 
towards  its  periphery  they  are  scattered,  but  on  approach- 
ing the  yellow  spot  they  become  more  numerous.  The 
yellow  spot,  which  is  found  only  in  man  and  monkeys, 
takes  its  name  from  its  color,  is  situated  a  little  to  the 
temporal  side  of  the  posterior  scleral  pole,  and  has  in 
its  centre   a  depression  where  the  nerve    fibres   proper  are 
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wanting,  called  fovea  centralis.  This  part  of  the  retina  is 
very  thin  and  transparent,  easily  broken,  and  might  be  mis- 
taken for  an  opening;  here  are  found  only  cones,  which  are 
exceedingly  small  and  closely  pressed  together,  like  mosaic 
work,  so  that  many  are  concentrated  in  a  small  space.  The 
walls  of  the  rods  and  cones  are  reflecting  surfaces,  and  are 
arranged  in  such  a  manner  that  light  entering  the  element  is 
thrown  back,  so  that  no  rays  pass  from  one  to  another. 
Each  rod  and  cone  is  connected  with  the  brain  by  a  delicate 
nerve-thread,  — those  of  the  rods,  being  the  largest,  running 
through  the  optic  nerve  in  bundles  of  several  threads  each, 
enclosed  in  separate  envelopes  or  sheaths.  Helmholtz  esti- 
mates their  number  at  two  hundred  and  fifty  thousand.  The 
same  insensibility  to  objective  light  that  exists  in  the  optic 
nerve  extends  along  the  course  of  the  nerve  fibres  of  the 
retina  ;  it  is  only  the  rods  and  cones  that  are  capable  of  being 
excited  by  oscillations  of  elastic  ether.  It  is  certain  that  the 
posterior  layers  of  the  retina  are  sensitive  to  light,  because,  as 
shown  on  page  118,  the  shadows  of  vessels  within  the  retina 
can  be  perceived,  and  they  must  necessarily  be  formed  on  the 
posterior  part  of  this  structure.  The  diameter  of  the  cones 
in  the  fovea  centralis  is  variously  estimated  at  from  00015 
mm.  to  0*0036  mm.  The  excitation  of  an  element  is  only 
capable  of  producing  a  single  sensation,  hence  the  brain  can- 
not separate  impressions  made  on  a  single  element  caused 
by  unequal  degrees  of  illumination.  We  can  perceive  a 
luminous  point,  the  image  of  which  is  much  smaller  than  a 
sensitive  element,  provided  a  sufficient  quantity  of  light  enters 
the  eye  ;  thus,  a  very  small  star  can  be  perceived,  but,  accord- 
ing to  Hooke,  two  stars  of  which  the  apparent  distance  is 
less  than  30  seconds  always  appear  as  a  single  star,  because 
the  images  of  both  fall  on  a  single  element,  and  the  brain 
cannot  separate  the  two  impressions,  hence,  receives  but  a 
single  sensation,  and  as  a  consequence,  the  two  stars  are 
mingled  into  one ;  or,  if  the  images  of  two  stars  formed  on 
contiguous  elements,  the  space  between  them  may  fall  on 
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the  line  of  contact  between  the  two  cones.  For  two  stars  to 
be  perceived,  their  images  must  be  formed  on  two  elements 
separated  by  a  third  intervening  one,  on  which  the  space 
between  the  images  may  fall.  Few  eyes  can  distinguish 
between  two  luminous  points  separated  by  a  less  distance 
than  60  seconds.  A  visual  angle  of  60  seconds  corresponds 
on  the  retina  to  a  space  of  000438  mm.  In  order  that  two 
luminous  points,  separated  by  a  sufficient  distance  to  have 
their  images  on  contiguous  elements,  may  produce  sensations 
capable  of  being  separately  distinguished,  there  must  be  a 
certain  difference  in  the  color  or  degree  of  illumination  of 
the  points. 

The  acuteness  of  vision  is  not  the  same  in  all  parts  of  the 
retina;  it  is  greatest  at  the  macula  lutea,  and  rapidly  dimin- 
ishes towards  the  periphery,  but  not  in  equal  degrees.  Up- 
wards and  downwards  the  diminution  is  more  rapid  than 
inwards,  while  the  greatest  acuteness  of  peripheral  vision  is 
on  the  temporal  side  of  the  retina  The  acuteness  of  vision 
is  usually  measured  by  means  of  the  test-letters  of  Snellen. 
This  method  will  be  fully  explained  when  we  come  to  treat 
of  visual  perception. 

Measurement  of  the  Field  of  Vision.  —  Various  means  have 
been  devised  to  measure  the  extent  of  the  visual  field,  and 
some  ingenious  instruments  have  been  invented  for  accom- 
plishing this  end ;  but  in  ordinary  practice,  a  black-board 
three  or  four  feet  square,  having  a  small  white  dot  in  the 
centre,  may  be  employed  for  the  purpose.  The  person  whose 
eye  is  to  be  examined  should  be  seated  about  a  foot  from  the 
board,  with  his  eye  directly  in  front  of  the  central  dot,  the 
other  being  covered.  It  is  better  to  have  the  head  fixed  so 
as  to  be  immovable.  The  uncovered  eye  should  be  unchange- 
ably placed  on  the  central  white  spot,  when  the  examiner 
should  take  a  piece  of  white  chalk  between  his  fingers  and 
place  it  near  the  top  of  the  board,  and  gradually  bring  it 
toward  the  centre  ;  as  soon  as  the  chalk  comes  into  view  of 
the  examined  eye,  a  mark  should  be  made  on  the  board,  and 
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another  position  taken  at  a  little  distance  from  the  first,  the 
chalk  made  to  approach  the  centre  in  the  same  manner 
and  a  mark  made  at  the  point  where  the  chalk  comes  into 
view.  This  should  be  repeated  at  short  distances  until  the 
place  of  the  appearance  of  the  chalk  has  been  noted  in  many 
different  directions ;  then  a  line  connecting  various  points 
may  be  drawn ;  this  line  indicates  the  extent  of  the  visual 
field;  in  which  space,  all  objects,  except  those  whose  images 
fall  on  the  blind  spot,  can  be  seen  at  a  single  glance ;  those 
only,  however,  whose  images  are  formed  on  the  yellow  spot 
are  sharply  defined. 

Simple  Colors. 

The  wave  theory  of  light  has  been  explained  in  the  part 
of  this  work  devoted  to  physical  optics.  The  reader,  if  not 
thoroughly  familiar  with  that  theory,  should  refer  to  it  in 
connection  with  the  subject  of  this  chapter.  It  may  be  proper, 
however,  here  to  recapitulate  some  of  the  views  there  given. 
All  known  sources  of  light  throw  the  elastic  ether,  which 
occupies  all  space  and  permeates  material  bodies,  into  undu- 
lations or  waves.  These  are  of  unequal  length,  but  all  travel 
equal  distances  through  a  homogeneous  medium  in  the  same 
period  of  time ;  consequently,  there  must  be  an  increased 
number  of  the  shorter  waves  in  order  to  keep  pace  with  the 
longer  ones,  therefore,  the  number  of  light  waves  of  any 
specified  length  that  enters  the  eye  in  a  given  period  of  time 
depends  on  their  length  or  period  of  duration.  Waves  of 
different  lengths  have  different  degrees  of  refrangibility,  and 
on  passing  through  a  prism  are  separated  ;  thus,  sun  or  white 
light  passed  through  a  strong  prism  has  the  waves  of  which 
it  is  composed  bent  so  as  to  take  different  directions,  forming 
the  solar  spectrum.  The  least  refrangible  rays  falling  on  the 
retina  produce  the  red  color;  then,  as  the  oscillations  dimin- 
ish in  length,  we  have  in  regular  succession  the  orange,  yel- 
low, green,  blue,  indigo,  and  violet  —  the  waves  causing 
the  latter  sensation  having  the  shortest  period  of  duration. 
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A  system  of  waves  of  ether  having  a  uniform  length  or  period 
of  duration  produces  a  simple  color  or  light.  The  ultra-vio- 
let waves  have  periods  of  durations  too  short  to  produce  light 
under  ordinary  circumstances,  but  they  cause  certain  chemi- 
cal effects,  hence,  are  known  as  chemical  rays ;  if  passed 
through  certain  substances,  as,  for  instance,  a  solution  of  the 
sulphate  of  quinine,  the  lengths  of  the  waves  are  increased, 
giving  rise  to  a  purplish  light  known  as  fluorescence.  If 
the  simple  colors  of  the  solar  spectrum  are  reblended  by 
means  of  a  convex  cylindrical  lens,  the  original  white  light 
is  reproduced. 

Compound  Colors.  —  It  has  been  shown  that  homogeneous 
light,  according  to  the  different  degree  of  refrangibility  and 
duration  of  oscillation,  gives  rise  to  the  sensations  of  differ- 
ent simple  colors.  If  the  same  portion  of  the  retina  be  struck 
simultaneously  by  two  or  more  waves  having  different  periods 
of  oscillation,  the  sensation  of  another  color  is  experienced, 
differing  from  either  of  the  primary  ones.  When  the  sensa- 
tions of  two  or  more  simple  colors  of  the  spectrum  are 
blended,  forming  a  new  color,  the  eye  cannot  in  general  dis- 
tinguish the  primary  colors  entering  into  its  composition. 
The  ear,  on  the  contrary,  when  simultaneously  struck  by 
aerial  waves  of  different  periods  of  oscillation,  unites  the  sen- 
sations in  one  accord,  and  is  always  able  instantly  to  distin- 
guish separately  each  compound  sound.  Some  have  thought 
themselves  able  to  separately  distinguish  the  primary  colors 
entering  into  the  composition  of  the  simpler  forms  of  com- 
pound light,  but  this  cannot  be  done  by  an  act  of  sensation, 
but  by  an  act  of  judgment  based  on  the  results  of  informa- 
tion gained  from  experiments.  No  one  can  realize  the  fact, 
from  a  simple  act  of  sensation,  that  white  light  is  composed 
of  the  seven  primary  colors. 

Complementary  Colors  are  those,  any  two  of  which,  when 
mixed  together,  produce  white.  Of  the  simple  colors  of  the 
spectrum,  we  have  the  following  pairs  that  are  comple- 
mentary : 
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Red  and  greenish  blue. 

Orange  and  cyanogen  blue. 

Yellow  and  indigo  blue. 

Greenish  yellow  and  violet. 

Complementary  broken  colors  are  almost  innumerable. 
Natural  bodies  have  the  power  of  absorbing  or  quench- 
ing a  part  or  all  of  the  light  which  falls  on  them.  If  all 
the  light  is  absorbed  or  quenched,  none  is  reflected,  hence 
the  body  appears  black.  When  all  the  rays  are  partially, 
but  equally  absorbed,  the  reflected  color  is  gray.  If  all 
the  colors  but  one  are  quenched,  that  one  is  thrown  off, 
enters  the  eye,  and  gives  its  color  to  the  object.  If  all  the 
colors  of  the  spectrum  are  absorbed  by  a  body  except  the 
green,  its  color  will  be  green.  If  all  but  the  red,  its  color  will 
be  red. 

The  mingling  in  different  proportions  of  the  unabsorbed 
waves  of  ether  gives  rise  to  all  the  various  shades  of  color. 
If  pigments  or  powders  could  be  obtained  exactly  correspond- 
ing to  the  simple  colors  of  the  spectrum,  their  mixture  would 
make  pure  white,  but  these,  as  yet,  have  not  been  found ; 
the  nearest  approach  to  white  being  gray.  Transparent  sub- 
stances transmit  the  colors  which  they  do  not  absorb.  Glass 
of  pure  red  quenches  all  the  other  colors  and  transmits  the 
red. 

Yellow  glass  allows  the  yellow  colors  to  pass,  and  also 
some  of  the  green  and  orange.  Blue  glass  transmits  not 
only  the  blue  rays,  but  also  a  portion  of  the  adjoining  green 
and  indigo. 

White  light,  after  passing  through  blue  and  yellow  glass, 
appears  green  — the  only  color  transmissible  by  both. 

It  is  evident  that  this  would  not  be  the  case  if  these  pig- 
ments were  pure  colors,  for  then  either  glass  would  quench 
all  the  light  except  that  of  its  own  color,  and  that  one  alone 
would  be  transmitted  to  the  second  glass;  but  the  purest  pig- 
ments of  blue  and  yellow  contain  some  green,  hence  they  do 
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not  quench  all  the  green  rays  passing  through  them,  and  the 
result  is  as  above  stated. 

Blue  and  yellow  powders  mixed  give  green,  but  blue  and 
yellow  rays  of  light  produce  white  —  because  they  are  com- 
plementary colors.  A  body  placed  in  light  which  it  cannot 
transmit  or  reflect,  appears  black  ;  thus,  red  sealing-wax  in 
the  green  of  the  spectrum  seems  black ;  so  red  flannel  placed 
in  the  spectrum  shows  its  color  where  the  red  rays  fall  upon 
it,  but  black  in  all  the  other  colors.  The  persistence  of  reti- 
nal impressions  enables  us  to  blend  the  sensations  of  color. 
If  a  wheel,  on  which  the  colors  of  the  spectrum  are  painted 
in  sectors,  be  rotated,  the  simple  colors  will  disappear ;  the 
greater  the  rapidity  of  motion  the  nearer  the  disk  approaches 
white.  If  the  revolutions  be  sufficiently  rapid,  the  resulting 
sensation  will  be  that  of  pure  white. 

Red  and  green  rotated  on  the  disk  produce  white. 

Yellow  and  violet     " 

Blue  and  orange 

Blue  and  yellow        "  "  "  "        green. 

Red  and  yellow        "  "  "  "        orange. 

Blue  and  red  "  "  "  "       purple. 

Fundamental  Colors. 

Any  three  colors,  the  mixture  of  which  produces  white, 
may  be  regarded  as  fundamental  colors,  because  each  of  the 
other  colors  may  be  formed  by  a  mixture  of  these  in  various 
proportions.  Red,  yellow,  and  blue,  are  generally  regarded 
as  the  fundamental  colors  ;  but  Helmholtz,  for  reasons  which 
to  him  are  satisfactory,  but  to  give  which  would  occupy  too 
much  space,  prefers  to  take  the  red,  green,  and  violet. 
Thomas  Young  entertained  the  opinion  that  there  exist  in 
the  eye  three  kinds  of  nerve  fibres,  the  excitation  of  which 
gives  respectively  red,  green,  and  violet.  "  The  simple  red 
excites  strongly  the  sensitive  fibres  of  the  red,  and  feebly 
those  of  the  other  two  species;  sensation:  red.  The  simple 
yellow  excites  moderately  the  sensitive  fibres  of  the  red  and 
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of  the  green,  feebly  those  of  the  violet;  sensation:  yellow. 
The  simple  green  excites  strongly  the  fibres  of  the  green, 
much  more  feebly  the  other  two  species ;  sensation :  green. 
The  simple  blue  excites  moderately  the  fibres  of  the  green 
and  of  the  violet,  feebly  those  of  the  red ;  sensation :  blue. 
The  simple  violet  excites  strongly  the  fibres  which  belong  to 
it,  feebly  those  of  the  others  ;  sensation  :  violet.  The  excita- 
tion very  nearly  equally  of  all  the  fibres,  gives  the  sensations 
of  zvliite,  or  of  the  white  color."  (Helmlioltz  Physiological 
Optics?)  This  hypothesis  Helmholtz  considers  probably 
true,  as  it  explains  some  phenomena  not  otherwise  accounted 
for,  and  is  not,  in  the  present  state  of  our  knowledge,  con- 
tradicted by  any  known  facts. 

Color-Blindness. 

Occasionally  persons  are  met  with  whose  eyes  are  insen- 
sible to  certain  colors  (Dyschromatopsia).  Of  these  the  most 
common  is  insensibility  to  red  rays  (Anerythropsia),  some- 
times called  Daltonism,  after  Dalton,  the  distinguished  phil- 
osopher, who  had  this  defect  in  his  own  eyes,  and  who  first 
described  it.  But  some  of  the  English  savants  disclaim  this 
name,  and  object  to  this  method  of  perpetuating  the  memory 
of  their  distinguished  compatriot  by  recalling  his  physical  de- 
fect. Those  in  whom  this  defect  is  completely  developed  see 
in  the  spectrum  but  two  colors,  which  they  designate  under 
the  names  of  blue  and  yellow.  They  apply  the  latter  name  to 
all  the  red,  orange,  and  yellow  ;  and  the  green  they  call  bluish- 
green,  and  all  the  other  colors  blue.  They  do  not  see  the  red 
at  all,  or  only  when  it  is  very  intense.  Among  the  colors  of 
bodies  they  confound  the  red  with  brown  and  green.  Red  is 
absent  in  their  system  of  colors.  "All  tints  are  for  them 
varieties  of  blue  and  green,  or,  as  they  call  it,  yellow.  Ac- 
cordingly, scarlet,  flesh-color,  white,  and  bluish-green  appear 
to  them  to  be  identical,  or  at  the  utmost  to  differ  only  in 
brightness.  The  same  applies  to  crimson,  violet,  blue,  and 
to  red,  orange,  yellow,  and  green."     [Helmholtz.) 
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J.  Herschel  advanced  the  opinion  that  all  the  colors  which 
those  affected  with  Daltonism  are  able  to  distinguish,  may 
be  considered  as  composed  of  two  fundamental  colors  instead 
of  three.  Maxwell  has  more  recently,  after  numerous  experi- 
ments made  with  rotary  disks,  confirmed  the  views  of 
Herschel. 

Persons  whose  eyes  are  insensible  to  green  (green-blindness) 
are  more  rarely  seen.  They  find  it  difficult  to  discriminate 
between  green,  yellow,  blue,  and  red. 

A  knowledge  of  the  existence  of  these  defects  of  vision  is 
a  matter  of  great  importance  in  the  present  age  of  railroads 
and  steamboats,  when  cars  and  boats  are  guided  at  night  by 
different  colored  sigmal-licrhts,  and  the  lives  of  thousands  of 
passengers  depend  upon  a  proper  appreciation  of  the  different 
colors  by  those  having  charge  of  the  running  of  boats  or 
trains  at  night.  Persons  having  this  anomaly  of  vision  are 
generally  unaware  of  it  themselves. 

No  engineer,  pilot,  or  master  of  a  signal  station  should  be 
permitted  to  serve  in  that  capacity  until  he  has  been  thor- 
oughly examined  and  found  to  be  free  from  color-blindness; 
or,  at  least,  he  should  have  a  proper  appreciation  of  red  and 
green,  colors  most  frequently  used  for  signal-lights.  Doubt- 
less many  accidents  have  happened,  and  lives  and  property 
have  been  sacrificed,  by  the  neglect  of  this  rule,  when  the 
engineer  or  pilot  was  careful,  attentive,  and  otherwise  compe- 
tent, but  was  unable  to  distinguish  the  red  from  the  green 
light,  or  mistook  the  green  for  the  red. 

Dr.  Favre,  physician  to  the  Paris  and  Lyons  railroad,  found, 
between  the  years  1864  and  '68,  in  1196  men  examined  by 
him,  13  cases  of  insensibility  to  red  rays  and  1  to  green.  In 
the  years  1872-73  he  examined  728  men,  and  found  42  cases 
of  Daltonism,  or  more  or  less  insensibility  to  red  rays. 
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Persistence  of  Retinal  Impressions. 

When  a  motor  nerve  is  excited  by  an  electric  current  of 
short  duration,  it  is  about  one  -  sixtieth  of  a  second  before 
the  muscle  contracts,  and  it  continues  to  act  for  about  one- 
sixth  of  a  second.  In  the  eye,  when  an  impression  is  made 
on  the  special  nervous  apparatus,  an  interval  of  time  elapses 
before  the  impression  is  transformed  into  a  sensation,  which 
has  a  certain  period  of  duration.  If  that  impression  be  made 
by  an  electric  spark,  which  may  be  regarded  as  instanta- 
neous, and  if  owing  to  the  persistence  of  the  sensation,  other 
sparks  rapidly  succeed  each  other  before  the  sensation  pro- 
duced by  each  preceding  one  has  passed  away,  the  percep- 
tion cannot  separate  the  sensations  caused  by  each  spark. 
From  this  it  is  seen  that  luminous  impressions  made  with 
sufficient  rapidity  produce  the  same  effect  on  the  retina  as  a 
continuous  illumination.  If  we  gaze  fixedly  for  a  short  time 
at  a  gas-light  in  a  dark  room  where  there  is  no  other  light, 
and  then  suddenly  extinguish  it,  we  shall  continue  for  some 
moments  to  see  the  flame,  and  if  the  eye  be  moved  the  flame 
will  follow  the  motions  of  the  eye.  The  period  of  duration 
of  impressions  varies  with  different  persons ;  this  can  be 
measured  by  causing  an  illuminated  point  —  as  a  burning 
coal  or  a  small  piece  of  iron  heated  to  whiteness  —  to  revolve 
on  a  rotary  disk  attached  to  machinery  so  arranged  that  the 
time  of  revolution  can  be  recorded.  The  length  of  time 
required  for  one  revolution  to  produce  the  impression  of  a 
closed  circle  of  light  measures  the  duration  of  the  first 
impression.  If  the  point  revolves  with  less  rapidity  there 
will  be  a  break  in  the  circle,  because  the  impression  made 
at  the  starting  point  has  passed  away  before  the  revolution 
is  completed.  A  very  great  variety  of  interesting  and  in- 
structive experiments  illustrating  this  subject  can  be  made 
by  means  of  rotary  disks. 
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After-images. 

When  the  eyes  are  for  a  length  of  time  exposed  to  a  bright 
light,  the  retina  becomes,  as  it  were,  paralyzed,  and  it  is  for  a 
while  more  or  less  insensible  to  a  weaker  light,  as  is  illus- 
trated by  being  out  in  the  open  air  for  a  length  of  time  when 
the  sun  is  shining  on  fields  of  snow;  on  entering  a  moder- 
ately illuminated  room  it  seems  dark,  and  objects  cannot 
be  recognized.  Soon  the  paralysis  begins  to  diminish,  and 
in  a  little  time  everything  visible  in  the  room  can  be  dis- 
tinctly seen,  and  fine  print  easily  read.  This  is  familiarly 
called  snow-blindness.  Persons  confined  for  a  long  time  in 
dark  cells  have  the  retinal  sensations  so  acute  that  they  can 
read  ordinary  print,  when  a  person  who  has  just  entered  can 
scarcely  recognize  features.  Nervous  exhaustion  of  local 
portions  of  the  retina  can  easily  be  induced.  If  we  place  a 
sheet  of  white  paper  against  a  wall  on  which  the  sun  is 
brightly  shining,  and  gaze  at  it  fixedly  for  a  minute  or  two 
with  one  eye,  holding  an  object,  e.g.,  a  cedar  pencil,  between 
it  and  the  paper,  on  removing  the  former,  without  changing 
the  direction  of  the  eye,  that  part  of  the  paper  which  was 
covered  from  view  by  the  pencil  forms  a  line  of  dazzling 
whiteness.  Again,  if  we  place  beside  the  sheet  of  white 
paper  a  black  one,  having  on  it  a  narrow  strip  of  white,  and 
gaze  for  a  time  on  the  latter,  then  on  turning  the  eye  to  the 
white  sheet,  it  will  appear  of  dazzling  whiteness,  with  a  dark 
line  corresponding  to  the  white  strip  on  a  dark  back-ground. 
These  persisting  impressions  begin  to  diminish  after  the  first 
second,  and  generally  at  the  end  of  one  or  two  minutes 
completely  disappear.  The  dark  parts  of  the  image  appear 
bright  and  the  light  parts  dark  in  the  after-image,  so  that 
the  latter  is  just  the  negative  of  the  former,  like  the  first 
negative  of  a  photograph.  Accidental  or  after-images  are 
distinguished  as  positive  and  negative.  Positive  persistent  or 
after-images  are  those  in  which  the  light  and  dark  parts  of 
the  objects  appear  equally  light  and  dark.     Negative  after- 
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images  are  those  in  which  the  light  parts  appear  dark 
and  the  dark  parts  light.  Often,  meditative  persons,  gazing 
unconsciously  for  a  long  time  on  some  object,  on  suddenly 
turning  their  eyes  upwards,  see  an  after-image  greatly  mag- 
nified apparently  in  the  clear  gray  or  blue  sky.  If  we  draw 
on  a  piece  of  white  paper  a  black  impression,  three  or  four 
inches  in  length,  of  a  dagger  or  sword,  and  fix  the  eyes  on  it 
when  brightly  illuminated  by  direct  sunlight,  and  gaze  at  it 
steadily  for  two  or  three  minutes,  and  then  turn  the  eyes  sud- 
denly upwards,  we  shall  see  in  the  clear  sky  the  image  of  a 
flaming  dagger  or  sword.  If  the  object  looked  at  be  white, 
the  after-image  in  the  sky  will  be  dark,  and  vice  versa.  Doubt- 
less these  phenomena  of  after-images  account  for  the  sights 
seen  in  visions,  in  former  times,  by  persons  having  a  morbidly 
sensitive  retina,  and  which  were  thought  to  be  connected  with 
manifestations  of  a  supernatural  power.  Parts  of  the  retina 
impressed  by  certain  colors  can  be  saturated,  or  paralyzed  by 
nervous  exhaustion,  by  gazing  steadily  for  some  time  on  any 
one  of  these  colors  brightly  illuminated.  For  illustration,  if 
we  look  for  two  or  three  minutes  at  a  bright  red  surface,  all 
the  retina,  or  that  part  of  it  on  which  the  image  is  formed, 
becomes  red  blind  ;  now,  if  the  eye  be  turned  towards  a  sheet 
of  white  paper,  the  latter,  or  that  part  of  it  covered  by  the 
after-image,  appears  of  a  bluish-green,  the  complementary 
color  of  red.  Again,  if  we  expose  the  eye  to  bluish-green,  the 
after-image  appears  of  a  bright  red.  The  effect  on  the  spec- 
trum caused  by  the  exhaustion  of  the  retina  for  any  particular 
color,  is  the  same  as  if  that  color  were  removed  and  its  com- 
plementary color  substituted.  When  the  excitability  of  the 
nervous  structure  is  morbidly  increased,  these  after-images 
often  last  for  days,  and  become  very  annoying.  "  In  sud- 
denly changing  the  direction  of  the  eyes,  it  readily  occurs 
that,  while  another  object  has  come  under  observation,  the 
impression  of  the  former  one  is  still  present,  and,  conse- 
quently, the  after-images  are  mingled  with  the  impression  of 
the  objects  still  in  sight;  the  perceptions  become  confused, 
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and,  since  the  after-images  change  their  positions  with  the 
movements  of  the  eyes,  an  apparent  motion  is  imparted  to 
the  objects  which  are  really  at  rest."     (Stellwag.) 

Intensity  of  Luminous  Sensations. 

In  physical  optics,  the  intensity  of  objective  light,  both 
simple  and  compound,  is  equal  to  the  active  force  of  the 
movements  of  ether.  The  intensity  of  luminous  sensations 
is  not  entirely  proportional  to  the  active  force  of  the  undu- 
lations, but  depends  also  on  their  duration  and  on  the  nature 
of  the  eye. 

The  intensity  of  objective  light  is  inversely  proportional  to 
the  square  of  the  distance  of  the  luminous  source;  a  screen 
placed  one  hundred  feet  from  a  lamp  is  illuminated  ten  thou- 
sand times  less  than  at  the  distance  of  one  foot,  yet  the  eye 
placed  at  the  former  distance  experiences  a  luminous  sensation 
nearly  as  intense  as  it  would  receive  at  one  foot.  In  this  illus- 
tration the  contrast  is  very  great,  but  even  the  smallest  per- 
ceptible degradation  of  luminous  sensations  does  not  corres- 
pond to  equal  differences  of  objective  brightness.  In  general, 
the  smallest  perceptible  differences  of  luminous  sensations  are 
fractions  of  a  nearly  constant  quantity.  In  the  study  of  this 
subject,  Fechner  was  induced  to  propose  a  psychophysical 
law,  known  as  the  Law  of  Fechner,  applicable  not  only  to 
these,  but  to  other  kinds  of  sensations.  Under  this  law  he  has 
proposed  to  establish  a  relation  between  the  intensity  of  light 
and  the  energy  of  the  sensations  which  it  produces. 

The  color  of  simple  light  is  determined  by  the  length  of  the 
wave  or  by  the  number  of  vibrations  during  a  unit  of  time,  as 
the  pitch  of  sound  is  determined  by  the  number  of  sonorous 
vibrations.  The  ear  recognizes  much  more  readily  the  pitch 
of  two  sounds,  if  one  succeeds  the  other,  while  the  eye,  on  the 
contrary,  perceives  at  the  first  glance  very  slight  differences  of 
color  of  the  fields  placed  side  by  side;  but  if  the  impressions 
are  separated  by  the  shortest  interval  of  time,  the  judgment  is 
often  at  fault.     The  ear  judges  purely  of  the  equality  of  the 
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intensity  of  the  simultaneous  sounds  of  the  same  pitch ;  it 
does  better  if  one  succeeds  the  other.  The  eye  better  com- 
pares coexisting  intensities.  We  have  the  memories  of  suc- 
cessive sensations  of  the  ear,  while  those  of  the  eye  are 
simultaneous.  In  the  simultaneous  comparison  of  luminous 
sensations  produced  by  looking  at  two  objects  differently 
illuminated,  "  let  I  and  1  -f  a  represent  the  intensities  of  the 
two  illuminations ;  at  the  moment  when  they  fall  on  the  retina, 
a  has  still  a  certain  value  when  the  eye  is  unable  to  appre- 
ciate any  difference  between  these  intensities.  Experiments 
have  shown  that  within  certain  limits  this  quantity  a,  variable 
with  the  observer,  changes  slightly  with  the  absolute  value 
of  the  illumination  taken  as  unity ;  the  quantity  a  changes 
with  circumstances ;  it  varies  from  ->^  to  ji^ ;  this  last  figure 
is  only  obtained  in  exceptional  conditions ;  Bouguer  could 
distinguish  the  difference  of  ^  between  the  intensities  of  the 
two  lights."     {Becqiierel.) 

The  law  of  Fechner  is  as  follows :  in  calling  S  and  s  the 
sensations  produced  by  two  luminous  intensities,  H  and  h, 
we  have  S  —  s  =  logarithm  — . 

Admitting  that  the  perceptions  are  proportional  to  the 
sensations,  and  that  the  imperceptible  differences  of  the 
sensations  have  always  the  same  small  degree  of  variation ; 
in  translating,  into  algebraic  language,  this  fact,  the  smallest 
perceptible  differences  of  sensation  are  constant  fractions 
of  intensity,  and  we  have  d  S  =  A  ——,  A  being  a  con- 
stant quantity ;  this  integral  relation  leads  to  the  expression 
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above  given.     The  experimental  fact  is  that  — -,  mentioned 

above  as  a,  is  constant  for  the  same  individual  under  the 
same  circumstances,  and  the  hypothesis  is  thata?  S,  the  differ- 
ence of  sensation  that  ceases  to  be  perceived,  is  constant. 

The  law  of  Fechner  is  approximately  exact  only  when 
applied  to  the  mean  limits  of  intensity.  The  variations  are 
much  greater  when  near  the  extreme  limits  of  greatest  and 
least  intensity,  particularly  the  former,  the  reason  of  which 
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he  attributes  to  fatigue  of  the  eyes  when  exercised  in  deter- 
mining the  sensations  produced  by  the  extreme  limits  of 
objective  brightness.  Helmholtz,  however,  states  that  when 
the  illumination  is  very  feeble,  we  may  consider  the  intensity 
of  the  sensation  as  proportional  to  that  of  the  light,  while 
under  an  intense  illumination  the  sensibility  for  luminous 
objects  is  relatively  more  feeble.  As  we  are  more  accus- 
tomed to  examine  objects  with  a  strong  illumination,  bright 
objects,  when  the  light  is  feeble,  appear  to  us  relatively  too 
bright  and  dark  shades  relatively  too  dark.  Painters,  in 
order  to  produce  more  decided  effects,  utilize  this  fact.  To 
give  the  sensation  of  feeble  illumination  to  objects,  they 
represent  scenes  in  a  misty  atmosphere  or  by  moonlight, 
thus  causing  the  light  parts  of  objects  to  appear  more  strik- 
ing than  when  represented  by  clear  daylight. 

Comparison  between  the  Intensities  of  Lights  of 
Different  Colors. 

"The  intensity  of  the  luminous  sensations  depends  not 
only  on  the  active  force  of  the  undulations  of  ether,  but 
also  on  the  durations  of  these  undulations.  It  follows  from 
this  that  all  comparisons  effected  by  aid  of  the  eye  between 
the  intensities  of  different  kinds  of  compound  light  possess 
no  objective  value  independent  of  the  nature  of  the  eye." 
{Helmholtz) 

It  has  previously  been  shown  that  for  the  same  kind  of 
light  the  sensation  does  not  increase  proportionally  to  the 
intensity  of  objective  light.  In  the  comparison  of  different 
kinds  of  objective  light,  "  the  intensity  of  seiisation  is  a  func- 
tion of  luminous  intensity  which  differs  according  to  the  kind 
of  light." 

It  generally  requires  a  stronger  illumination  to  cause  the 
sensations  produced  by  the  less  refrangible  rays  of  the 
spectrum  than  is  required  for  rays  of  greater  refrangibility. 
For  illustration,  if  two  pieces  of  paper,  one  red  the  other 
blue,  be  placed  on  a  wall  illuminated  by  daylight,  the  room 
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gradually  darkened,  the  red  color  will  disappear  from  view 
and  appear  black  when  the  blue  remains  distinctly  visible. 

Helmholtz  states,  that  when  we  linger  in  a  gallery  of 
paintings  while  twilight  is  casting  her  mantle  over  the  earth, 
if  the  sky  be  clear,  the  red  colors  will  be  the  first  to  fade  and 
then  disappear  from  view,  while  the  blue  remain  visible  a 
long  time  afterwards.  In  the  darkness  of  night,  when  the 
colors  of  surrounding  objects  cannot  be  distinguished,  the 
blue  color  of  the  skies  can  be  distinctly  seen. 

Irradiation. 

We  understand  by  irradiation  a  series  of  phenomena  in 
which  a  limited  field,  much  more  brightly  illuminated  than 
the  back-ground   on  which   it   is  projected,  appears   much 


Figure  52. 

larger  than  it  really  is,  and  reciprocally  a  dark  limited  field 
projected  on  a  bright  back-ground,  appears  much  smaller 
than  it  is  in  reality.  It  is  thus  that  narrow  slits,  when 
admitting  bright  light,  appear  wider  than  they  actually  are. 
The  ancients  were  aware  of  this  fact.  We  find  the  following 
in  Becquerel :  "  M.  Plateau,  dans  ses  recherches  sur  l'irradia- 
tion,  cite  le  commencement  de  la  troisieme  satire  de  Perse : 
Deja  la  clarte  du  matin  se  fraye  un  passage  par  les  fenetres 
et  la  lumiere  elargit  les  fentes  etroites." 

The  appearance  of  a  white  surface  on  a  dark  back-ground 
is  represented  in  Fig.  52.    The  black  and  white  circles  are  of 
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Figure  53. 


exactly  the  same  dimensions,  yet  the  white  appears  much 
the  larger  of  the  two.  The  effect  is  more  striking  when  the 
figures  are  removed  a  little  be- 
yond the  far  point  of  distinct 
vision,  that  is,  at  a  distance  of 
forty  or  more  feet.  Fig.  53 
represents  a  circle  half  white  on 
a  dark  back-ground,  and  the 
other  half  black  on  a  white  back- 
ground. It  will  be  seen  that  the 
white  portion  appears  larger  and 
the  black  smaller  than  it  actually 
is.  Beyond  the  far  point  of  dis- 
tinct vision  diffusion  circles  are  added  to  diffraction,  and  in- 
crease the  effect.  Cloth  or  paper  printed  in  dark  and  white 
stripes,  of  equal  width,  presents  to  the  eyes  an  appearance 
of  greater  width  of  the  white  stripes.  The  openings  be- 
tween the  slats  of  a  window-blind,  on  which  a  bright  light 
is  shining,  appear  wider  than  they  are  in  reality,  owing  to  the 
effects  of  irradiation,  to  which  maybe  added  the  diffusion  of 
the  light  on  the  surfaces  of  the  slats.  It  is  owing  to  irradi- 
ation that  the  moon  just  appearing  above  the  horizon  looks 
unnaturally  large,  for  it  is  seen  surrounded  by  the  feebly 
illuminated  mist  that  rests  near  the  surface  of  the  earth. 

The  apparent  diameter  of  Venus,  as  estimated  by  Tycho 
Brahe,  was  12'  18",  while  Lansberg  found  it  12'  21",  and 
Kepler  6'  51".  Horrox  found  by  his  measurements  that  it 
was  only  i'  16".  These  errors  of  observation  arise  from 
different  degrees  of  irradiation,  caused  by  variable  misty 
conditions  of  the  atmosphere  at  the  times  of  observation. 
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VISUAL  PERCEPTIONS. 

In  order  that  visual  sensations  may  have  a  practical  value, 
they  must  be  utilized  so  as  to  make  us  conscious  of  the  exist- 
ence of  exterior  objects  ;  for  this  purpose  only  objective  light, 
entering  the  eye  through  the  pupil,  is  available.  Luminous 
waves  of  ether,  coming  either  direct  from  the  luminous  source 
or  reflected  from  the  surfaces  of  bodies,  pass  through  the  refrac- 
tive media  and  form  inverted  images  on  the  retina.  Impres- 
sions are  made  on  the  perceptive  elements,  causing  local 
changes,  the  effect  of  which,  when  communicated  to  the  brain, 
is  projected  outwards  in  an  inverted  direction  to  the  object, 
thus  making  us  conscious  of  the  existence  of  the  form  and 
position  of  objects  situated  in  space,  although  in  reality  we 
only  see  their  inverted  images.  These  representations  are 
known  and  described  as  visual  perceptions.  We  are  unable  to 
explain  the  action  of  the  brain  through  which  these  results 
are  accomplished,  and  the  study  of  this  subject  properly 
belongs  to  Psychology. 

In  the  ordinary  exercise  of  monocular  vision,  the  brain 
projects  outward  the  impression  made  on  each  rod  and  cone 
in  the  direction  of  the  primary  or  secondary  impinging  axes 
rays  while  in  the  vitreous  humor,  and  as  the  secondary  axes 
rays  cross  each  other  at  the  optical  centre  of  the  eye,  it 
follows  that  all  impressions  made  on  one  side  of  the  retina 
are,  in  the  field  of  vision,  referred  to  the  opposite  side.  This 
is  the  case  even  when  a  portion  of  the  retina  is  mechanically 
excited  ;  as,  for  illustration,  by  the  finger-nail  on  the  temporal 
side  of  the  eye,  the  illumination  appears  in  the  nasal  side 
of  the  field  of  vision.  So  if  rays  of  light  are  bent  before  enter- 
ing the  eye,  the  position  of  the  object  seems  changed.  In 
the  binocular  field  of  vision,  the  line  of  projection  outwards  is 
modified  ;  while  in  direct  monocular  vision,  the  outward  pro- 
jection of  the  impression  made  by  the  unrefracted  axis  ray 
accurately  corresponds  with  the  direction  of  the  visual  line, 
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which  passes  from  the  point  of  the  object  fixed,  through  the 
nodal  points,  to  the  fovea  centralis;  in  direct  vision  with  both 
eyes,  the  outward  projection  is  in  the  direction  of  a  common 
visual  axis,  that  is,  in  a  line  drawn  from  the  point  of  fixa- 
tion to  the  middle  of  a  line  connecting  the  points  of  rotation 
of  both  eyes,  or  a  line  dividing  the  angle  of  convergence 
into  two  equal  parts.  The  outward  projections  of  the  sec- 
ondary axes  rays  of  both  eyes  are  arranged  around  this  com- 
mon axis,  so  that,  although  there  are  two  images,  but  a  single 
object  is  perceived.  The  effect  is  the  same  as  if  a  single  eye 
were  placed  intermediate  between  the  two.  As  the  percep- 
tive elements  of  the  nervous  structures  in  the  region  of  the 
yellow  spot  alone  have  the  power  of  sharply  separating  the 
impressions  made  upon  them,  and  as  this  spot  occupies  but 
a  small  portion  of  the  retina,  it  follows  that  only  a  small 
part  of  a  large  object  can  be  distinctly  seen,  with  a  fixed 
position  of  the  eye,  while  other  portions  seen  are  shadowy, 
—  that  is,  not  sharply  defined,  —  and  this  indistinctness 
of  the  object  increases  the  more  its  image  approaches 
the  periphery  of  the  retina.  "  So  that  the  image  which 
we  receive  by  the  eye  is  like  a  picture,  minutely  finished 
in  the  centre,  but  only  roughly  sketched  in  at  the  borders. 

To  look  at  anything,  means  to  place  the  eye  in  such 

a  position  that  the  image  of  the  object  falls  on  the  small 
region  of  perfectly  clear  vision.  This  we  call  direct  vision, 
applying  the  term  indirect  to  that  exercised  with  the  lateral 
parts  of  the  retina  —  indeed,  all  except  the  yellow  spot." 
[Helmholtz).  As  an  illustration,  if  we  take  the  multiplica- 
tion table  and  look  at  or  fix  some  central  figures,  those 
nearest  to  them  can  be  made  out  with  difficulty,  while  those 
more  peripheral  are  seen  as  dark  spots,  but  they  cannot  be 
defined  ;  and  to  see  each  figure  distinctly,  the  eyes  must  move 
so  that  the  images  fall  on  the  "small  regions  of  perfectly 
clear  vision." 

In  the  exercise  of  sharp  vision,  the  eyes  are  constantly,  but 
to  us  almost  unconsciously,  in  motion.     Thus,  if  we  watch  a 
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person  reading,  we  shall  see  their  eyes  fix  the  first  word  of 
the  line,  and  then  run  along  it  until  finished ;  then  the  eyes 
turn  back  to  the  commencement  of  the  next  line,  to  go 
through  the  same  changes  of  the  positions  of  the  visual 
axes.  No  one  can  read  a  line  of  any  considerable  length  by 
keeping  the  eyes  fixed  on  the  first  word.  If  we  examine  a 
painting,  we  first  look  directly  at  one  point  of  it,  and  then 
rapidly  move  the  visual  lines  so  that  they  successively  fall  on 
its  different  parts.  The  memory  retains  the  impressions  made 
by  each  glance,  so  that  at  the  end  of  the  examination  we  are 
enabled  to  form  an  accurate  judgment  of  the  effect  produced 
by  the  painting  as  a  whole.  As  a  cone  or  rod  cannot  sepa- 
rate an  impression  made  on  it,  each  one  is  regarded  as  a 
unit,  hence,  the  retina  is  susceptible  of  as  many  separate 
impressions  as  there  are  cones  and  rods,  each  one  of  which 
represents  an  aliquot  part  of  the  field  of  vision.  Each  of 
the  many  thousand  points  of  an  object  seen  produces  a  dis- 
tinct and  separate  effect  upon  the  sense ;  but  as  the  cones 
are  smaller  and  much  more  numerous  at  the  seat  of  direct 
vision,  it  is  here  that  the  most  minute  details  and  shades  of 
small  objects  are  perceived.  Each  cone  is  differently  im- 
pressed, according  to  the  length  of  the  light  waves  impinging 
on  it;  the  brain  combines  the  separate  sensations,  and  thus 
forms  its  estimate  of  the  appearance  of  objects,  with  all  of 
their  perspective  outlines,  angles,  shades  of  color,  down  to 
the  minutest  details,  and  their  relative  positions  in  space  to 
all  surrounding  objects  as  far  as  the  vision  can  reach.  The 
retention  by  the  memory  of  the  sensations  produced  on  the 
brain  by  these  little  inverted  images  in  the  retina,  becomes 
by  far  the  most  important  medium  through  which  we  derive 
our  ideas  of  space,  and  our  knowledge  of  the  external 
world.  It  is  the  first  sense  that  the  new-born  infant  culti- 
vates to  "  catch  knowledge  of  objects."  It  shows  signs  of 
pleasure  at  an  illumination,  but  it  does  not  know  how  to 
direct  the  eyes  towards  the  source  of  the  illumination.  After 
a  while  the  eyes,  in  wandering  about,  are  fixed  on  the  flame, 
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and  continue  to  gaze  on  it,  and  the  child  shows  signs  of 
infantile  delight.  In  a  little  while,  when  a  candle  is  lighted, 
it  begins  to  search  for  the  flame,  and  soon  learns  to  find  it. 
When  a  simple  object  is  given  the  infant,  it  takes  it  in  its 
hands,  turns  it  over  and  over,  looks  at  it  in  every  possible 
position,  feels  it  with  the  fingers,  carries  it  to  the  mouth,  and 
learns  to  verify  the  judgment  formed  from  visual  sensation 
by  the  sense  of  touch,  and  thus  soon  becomes  familiar  with 
its  external  qualities  and  appearances,  so  that  it  is  instantly 
recognized  the  moment  it  is  again  seen.  The  object  is  then 
thrown  aside  and  some  other  simple  article  sought,  with 
which  it  goes  through  the  same  processes,  and  thus  learns  by 
degrees  to  recognize  the  form,  size,  color,  and  positions  of 
objects,  and  to  move  the  eyes  in  such  perfect  harmony  that 
the  images  belonging  to  each  one  respectively  fall  on  the 
small  place  of  distinct  vision.  Every  new  object  seen  gives 
rise  to  new  ideas.  The  photographer,  engraver,  or  painter,  im- 
presses on  paper  or  canvas  the  perspective  outlines  of  objects, 
with  their  minute  shades  of  detail ;  the  eyes  look  at  the  pic- 
ture, and  a  single  glance  enables  us  to  form  definite  ideas 
and  a  correct  judgment  of  the  form,  size,  relative  positions  and 
colors  of  the  objects  represented. 

"  Picture  books,"  containing  rude  representations  of 
familiar  objects,  are  the  first  ones  placed  in  the  hands  of 
children,  and  these  assist  the  young  minds  in  learning  to 
combine  the  characters  employed  in  expressing  thoughts ; 
as,  for  illustration,  the  figure  of  a  man  by  the  side  of  the 
letters  MAN  enables  the  child  to  comprehend  the  meaning 
of  this  combination  of  these  three  letters,  and  whenever 
they  are  afterwards  seen  so  arranged  instantly  the  idea  of  a 
man  arises  in  its  mind;  so  with  other  objects,  as  horses, 
cows,  houses,  etc.  Owing  to  modern  scientific  researches 
and  ingenious  inventions,  the  facilities  for  impressing  on 
paper  the  representations  of  objects  are  now  so  great  that 
the  illustrated  papers  and  periodicals  of  the  day  have  become 
an  important  means  of  imparting  to  us   more  correct  ideas 
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of  the  appearances  of  objects,  such  as  cities,  buildings, 
scenes,  landscapes,  and  of  the  forms  and  features  of  persons, 
etc.,  than  could  be  obtained  by  volumes  of  description. 
While  the  yellow  spot  is  acutely  sensitive  to  the  impressions 
of  strong  light,  other  portions  of  the  retina  are  more  easily 
impressed  by  a  feeble  light,  as  is  proved  by  looking  at  a  star 
of  small  magnitude  that  cannot  be  seen  by  direct  vision  ; 
but  by  turning  the  visual  lines  to  a  point  a  little  distant,  so 
that  the  image  falls  on  the  retina  at  a  distance  from  the 
yellow  spot,  it  at  once  becomes  visible.  At  the  place  of  direct 
vision,  a  point  having  an  angular  magnitude  of  one  minute 
can  be  perceived,  but  it  is  seen  only  as  a  point,  and  causes 
but  a  single  sensation  ;  were  it  composed  of  several  shades 
and  colors,  these  could  not  be  separately  distinguished; 
hence,  it  is  usually  supposed  that  the  image  formed  from  a 
body  having  an  angular  magnitude  of  one  minute  corre- 
sponds to  the  width  of  a  single  cone.  To  exercise  the  power 
of  separating  and  measuring  individual  impressions  requires 
a  larger  image,  the  necessary  size,  varying  in  different  per- 
sons, and  in  the  same  person  with  different  degrees  of  illu- 
mination. "  The  smallest  angle  at  which  objects  of  known  size 
and  known  form  can  be  distinguished,  determines  the  degree 
of  the  acuteness  of  vision.  To  determine  the  smallest  visual 
angle,  we  measure  the  utmost  distance  at  which  objects  of 
definite  size  can  be  recognized.  A  visual  angle  and  corre- 
sponding distance  being  taken  as  unit  of  measure,  the  pro- 
portion between  such  distance  and  that  at  which  the  object 
is  actually  seen,  expresses  the  acuteness  of  vision.  We  take 
as  a  unit  of  comparison  the  recognition  of  letters,  seen  at 
an  angle  of  five  minutes.  The  utmost  distance  at  which  the 
types  are  recognized  (d),  divided  by  the  distance  at  which 
they  appear  at  an  angle  of  five  minutes  (D),  gives  the 
formula  for  the  acuteness  of  vision  (v).  The  formula  for 
vision  is,  v  =  -."     {Snellen) 

Snellen   has   devised  his  test-types,  numbering  from  I  to 
200,  so  that  each  one  is  seen  at  the  specified  distance  under 
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an  angle  of  five  minutes.  The  letters  are  square,  the  lines 
composing  them  having  a  width  of  one  minute  or  one-fifth 
of  the  height.  No.  I,  placed  at  twelve  inches  from  the  eye, 
gives  a  tangent  in  height  of  0.209  Paris  inches.  They  are 
to  be  read  at  the  distance  in  feet  corresponding  with  their 
numbers.  All  of  them,  at  the  distances  specified,  make  on 
the  retina  images  of  the  same  size ;  consequently,  if  No.  I 
can  be  read  at  one  foot,  No.  XX  should  be  read  at  twenty 
feet,  and  No.  CC  at  two  hundred  feet.  If  No.  X  is  easily 
read  at  ten  feet,  then  vision  =  |j  =  I.  If  No.  X  can  only  be 
sharply  recognized  at  five  feet,  then  V=  T50  =  ^.  If  No.  XX 
can  only  be  made  out  at  four  feet,  then  V  =  ^40'  =  i.  Perfect 
recognition  is  required,  and  not  uncertain  perception  of 
letters. 

A  copy  of  Snellen's  Test-Types  hangs  on  the  walls  of  the 
office  of  every  ophthalmic  surgeon,  and  should  be  found  in 
the  shop  of  every  optician  and  dealer  in  spectacles.  If  the 
room  be  sufficiently  large,  the  letters  should  be  placed  at 
twenty  feet  from  the  patient,  and  when  it  is  desirable  to 
measure  the  sharpness  of  his  vision  for  parallel  rays,  he  is 
requested  to  read  No.  XX.  If  he  does  so  easily,  we  know 
at  once  that  he  has  normal  vision  for  distant  objects,  and  if 
weak  convex  glasses  make  the  letters  appear  less  distinct, 
we  conclude  that  his  eyes  are  emmetropic.  He  is  then  given 
No.  I,  which  is  held  twelve  inches  from  the  eyes ;  if  he 
reads  this  readily,  he  is  requested  to  bring  the  card  to  the 
nearest  point  at  which  the  letters  can  be  sharply  seen  ;  if  he 
can  read  them  at  the  distance  of  eight  inches  or  less,  he  has 
a  normal  range  of  accommodation.  Many  persons  have  a 
sharpness  of  vision  above  normal ;  in  this  country  this  is 
generally  the  case  with  persons  under  twenty  or  twenty-five 
years  of  age.  Many  easily  read  No.  XX  at  thirty  feet,  and 
some  even  at  a  greater  distance ;  while  in  Europe,  "gener- 
ally speaking,  five  minutes  is  the  smallest  visual  angle  at 
which  print  can  be  fluently  read."     {Stellwag.)     Perhaps  this 

difference  can  be  accounted  for  by  the  greater  clearness  of 
10 


I46  PHYSIOLOGICAL    OPTICS. 

our  atmosphere,  as  compared  with  that  of  many  countries  of 
Europe,  particularly  England,  Germany,  and  France,  which 
gives  us  a  better  illumination.  The  Test-Types  of  Jaeger,  of 
Vienna,  are  also  in  general  use,  and  are  more  particularly 
adapted  for  testing  the  vision  in  reading,  when  it  is  desirable 
that  the  patient  should  exercise  the  power  of  accommoda- 
tion for  a  length  of  time ;  they  are  printed  from  such  types 
as  are  usually  found  in  publishing  houses.  No.  2  Jaeger 
corresponds  to  No.  1  Snellen.  No.  5  J  =  2  S;  7j  =  3S; 
11  J  =  4  S;  13  J=5  S;  i4J  =  7S;  17  J=  18  S;  19  J  = 
27  S  ;  20  J  =  38  S.    (Stcllwag.) 

Movements  of  the  Eyes. 

Each  eyeball  is  moved  by  six  muscles — four  recti  and  two 
oblique.  The  four  straight  muscles  arise,  by  tendinous  ori- 
gins, from  around  the  border  of  the  optic  foramen;  they  are 
broad  and  flat,  and  in  their  course  forwards  strike  the  eye- 
ball, when  it  is  directed  directly  forwards,  just  behind  its  equa- 
tor, and  are  inserted  by  broad  thin  tendons  into  the  anterior 
half  of  the  sclerotica,  at  distances  from  the  cornea  varying 
from  two  and  a  half  to  three  and  a  half  lines. 

The  superior  oblique  muscle  has  a  tendinous  origin,  from 
near  the  edge  of  the  optic  foramen.  Its  flat  belly  runs  for- 
wards to  the  trochlea  or  pulley,  situated  at  the  upper  and  inner 
edge  of  the  orbit,  before  reaching  which,  it  passes  into  a 
long  thin  tendon;  this  runs  through  the  pulley,  and  imme- 
diately turns  backwards  and  outwards,  becomes  gradually 
broader,  spreading  out  like  a  fan,  and  is  inserted  into  the 
upper,  outer,  and  posterior  quadrant  of  the  eyeball.  The 
inferior  oblique  arises  from  the  lower  and  inner  portion  of 
the  bony  orbit ;  it  first  runs  outwards  and  backwards,  then 
curves  upwards  and  backwards,  and  is  inserted  by  a  broad, 
short  tendon  into  the  sclerotica,  near  the  insertion  of  the 
superior  oblique.  The  superior  rectus  muscle  is  above,  the 
inferior  beneath  the  eye ;  the  internal  at  the  nasal,  and  the 
external  at  the  temporal  side  of  the  globe. 
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The  muscles  of  the  eye  are  connected  with  the  brain  by  the 
third,  fourth,  and  sixth  cerebral  nerves,  by  branches  of  the 
fifth,  and  the  sympathetic.  The  third  nerve  passes  to  the 
superior,  inferior,  and  internal  recti,  and  to  the  inferior  oblique 
muscles.  The  fourth  nerve  supplies  the  superior  oblique. 
The  sixth  nerve  supplies  the  external  rectus. 

The  eye  rotates  in  the  orbit  like  a  ball  in  a  socket;  that 
is,  it  has  a  certain  fixed  point  around  which  all  of  the  move- 
ments take  place ;  this  point  is  called  the  centre  of  rotation, 
and  is  situated  on  the  ocular  axis  about  1.77  mm.  behind  its 
middle.  The  eye,  in  its  movements,  has  also  a  twisting  mo- 
tion around  the  ocular  axis,  like  a  wheel  turned  to  and  fro 
on  an  axle.  This  causes  an  inclination  of  the  vertical  meri- 
dian, and  a  corresponding  change  in  the  positions  of  the  other 
meridians. 

The  eyes  are  in  a  primary  position  when,  the  head  being 
erect,  they  are  directed  to  the  horizon ;  all  other  positions 
are  regarded  as  secondary. 

The  vertical  meridian  is  the  longest  vertical  circle  drawn 
perpendicular  to  the  equator  when  the  eye  is  in  a  primary 
position. 

The  horizontal  meridian  is  perpendicular  to  this.  The  ver- 
tical and  horizontal  meridians  divide  the  retina  into  four 
equal  imaginary  parts,  called  quadrants  ;  these  may  again  be 
subdivided.  "The  vertical  and  horizontal  meridians  or  sepa- 
rating lines  of  the  two  retinas  are  generally  nearly  the  same, 
with  imaginary  perpendicular  and  horizontal  sections  through 
the  middle  of  the  retina,  in  the  primary  position  of  the  eye. 
Yet,  even  this  is  not  quite  exact,  since  slight  deviations 
almost  always  exist.  [Recklinghausen,  Hering,  Volkman.)  We 
therefore  do  well  to  invert  the  definition,  as  it  were,  and  to 
designate  those  meridians  as  horizontal  or  oblique  which  have 
their  common  visual  direction  in  the  visual  plane,  or,  as  the 
case  may  be,  a  plane  perpendicular  to  this."     (Steltwag) 

The  direction  in  which  a  muscle  acts  may  be  ascertained 
by  drawing  a  straight  line  between  the  middle  of  its  origin  and 
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insertion ;  the  plane  of  the  muscle  is  one  drawn  through  this 
line  and  the  central  point  of  rotation  of  the  eye.  A  line 
perpendicular  to  this  plane,  passing  through  the  point  of 
rotation,  is  called  the  axis  of  turning. 

The  vertical  meridian  assumes  degrees  of  inclinations  vary- 
ing with  the  different  movements  of  the  eye,  but,  from  habit, 
we  see  vertical  objects  in  their  natural  position  even  when 
the  vertical  meridian  is  inclined.  Donders  laid  down  the  fol- 
lowing rules  as  to  the  position  of  the  vertical  meridian  in  the 
different  movements  of  the  eye : 

"i.  In  looking  in  the  horizontal  meridian-plane,  straight- 
forwards,  to  the  right  or  to  the  left,  the  vertical  meridian 
suffers  no  inclination,  but  remains  vertical. 

"  2.  In  looking  in  the  vertical  meridian-plane,  straightfor- 
wards,  upwards,  or  downwards,  the  vertical  meridian  also 
remains  vertical. 

"  3.  In  looking  diagonally  upwards  to  the  left,  the  vertical 
meridians  of  both  eyes  are  inclined  parallelly  to  the  left. 

"  4.  In  looking  diagonally  downwards  to  the  left,  the  verti- 
cal meridians  of  both  eyes  are  inclined  parallelly  to  the  right. 

"5.  In  looking  diagonally  upwards  to  the  right,  the  verti- 
cal meridians  of  both  eyes  are  inclined  parallelly  to  the  right. 

"  6.  In  looking  diagonally  downwards  to  the  right,  the  ver- 
tical meridians  of  both  eyes  are  inclined  parallelly  to  the  left." 

The  superior  rectus  muscle  moves  the  eye  from  the  primary 
position  upwards  and  a  little  inwards,  and  inclines  the  verti- 
cal meridian  inwards.  The  inferior  rectus  moves  the  eye 
downwards  and  inwards,  and  inclines  the  vertical  meridian 
outwards. 

The  internal  rectus  turns  the  eye  directly  inwards ;  the 
external  rectus  directly  outwards ;  neither  produces  any  in- 
clination of  the  vertical  meridian. 

The  tendency  of  the  four  recti  muscles  acting  together,  is 
to  draw  the  eye  into  the  orbit.  The  superior  oblique  muscle 
turns  the  eye  downwards  and  outwards,  and  inclines  the 
vertical  meridian  inwards. 
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The  inferior  oblique  turns  the  eye  upwards  and  outwards, 
and  inclines  the  vertical  meridian  outwards. 

The  simultaneous  action  of  the  two  oblique  muscles,  is  to 
draw  the  eye  out  of  the  orbit;  hence,  they  are  in  this  respect 
antagonistic  to  the  four  recti  muscles. 

The  following  is  a  tabular  arrangement  of  the  different 
movements  of  the  eye,  produced  by  the  single,  double,  or 
triple  action  of  the  external  ocular  muscles : 

Movement  Is  produced  by  the  action  of  the 

Upwards Superior  rectus  and  inferior  oblique. 

Downwards Inferior  rectus  and  superior  oblique. 

Inwards Internal  rectus. 

Outwards....' External  rectus. 

,  .  ,  (Superior  rectus,  internal   rectus,  and  infe- 

Upwards  and  inwards 1        .        ... 

1  (      nor  oblique. 

Superior  rectus,  external  rectus,  and  infe- 


Upwards  and  outwards... 

nor  oblique 

_  ,         .  .  f  Inferior  rectus,  internal  rectus,  and  superior 

Downwards  and  inwards...  i 


oblique, 
iferior  n 
rior  oblique.     (  Wells. 


_  .  (  Inferior  rectus,  external  rectus,  and  supe- 

Downwards  and  outwards.  \        .        .  .. 

I      nor  oblique. 


By  means  of  the  six  above -described  muscles,  the  eye 
may  be  rotated  around  any  axis  passing  through  the  centre 
of  motion.  The  rotation  can  extend  horizontally  about  Sy° ; 
perpendicularly,  from  86°  to  ioo°.  The  motion  is  greater 
inwards  than  outwards,  and  greater  downwards  than  upwards. 
As  relates  to  the  movements  of  the  eye,  the  centre  of  motion 
forms  a  fixed  point ;  and,  in  normal  vision,  the  two  eyes  are 
always  placed  in  such  positions  that  they  fix  on  one  and  the 
same  point,  called  the  point  of  fixation.  The  line  of  gaze,  or 
look,  is  a  straight  one  passing  from  the  point  of  fixation  to 
the  centre  of  rotation  ;  this  line  diners  from  the  visual  line, 
which  corresponds  with  the  unrefracted  ray  that  passes  to  the 
temporal  side  of  the  centre  of  rotation  ;  but  the  difference 
between  the  two  lines  is  so  slight  that,  in  most  cases,  it  need 
not  be  taken  into  consideration.    [Helmkoltz) 

The  base  line  is  a  straight  one  drawn  between  the  points 
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of  rotation  of  both  eyes.  The  median  plane  is  one  passing 
through  the  vertical  axes  of  the  head  and  through  the  mid- 
dle of  the  base  line. 

The  visual  plane  is  a  plane  passing  through  the  visual  lines 
and  through  the  point  of  fixation.  The  plane  of  fixed  gaze 
{Blickebene,  Plan  de  Regard)  passes  through  the  point  of  fix- 
ation and  the  centre  of  rotation  of  both  eyes,  hence  it  diners 
slightly  from  the  visual  plane. 

The  median  line  is  the  line  of  intersection  between  the 
median  plane  and  the  plane  of  gaze.  When  the  muscles  of 
both  eyes  are  at  rest,  the  visual  lines  converge  to  a  point  8" 
or  12"  distant  in  front,  and  the  angle  of  convergence  is  called 
the  muscular  mesoropter. 

There  is  always  an  increased  tendency  to  convergence 
when  the  eyes  are  looking  downwards,  and  an  increased 
tendency  to  divergence  when  they  are  looking  upwards. 

In  binocular  vision  there  are  two  kinds  of  movements,  viz., 
associative  and  accommodative.  In  the  latter  the  visual 
lines  converge  to  the  point  of  fixation,  and  the  external  mus- 
cles are  most  intimately  associated  with  those  of  the  irides 
and  of  accommodation.  With  every  enlargement  of  the  angle 
of  convergence  there  is  a  corresponding  simultaneous  con- 
traction of  the  pupil  and  increase  in  the  refraction ;  with  every 
diminution  in  the  angle  of  convergence  there  is  a  correspond- 
ing enlargement  of  the  pupil  and  diminution  of  the  refraction. 

In  the  ordinary  exercise  of  our  eyes,  we  make  them  move 
in  the  orbits  so  as  to  successively  fix  the  different  points  of 
the  objects  looked  at,  in  order  that  we  may  simultaneously 
receive  on  the  centres  of  the  two  retinas  the  images  of  each 
point  respectively. 

There  is  no  natural  divergence  of  the  visual  lines.  Planes 
passing  through  the  vertical  meridians  of  the  two  eyes,  when 
they  are  in  a  primary  position,  slightly  converge  downwards 
and  diverge  upwards. 
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The  Law  of  Identical  Retinal  Points. 

The  explanation  of  the  phenomena  of  single  vision  result- 
ing from  two  retinal  images  —  one  in  each  eye  —  has  given 
rise  to  much  investigation  and  discussion  among  physiolo- 
gists. Johannes  Muller  laid  it  down  as  a  law  that,  "  For 
each  point  of  one  retina  there  is  on  the  other  a  correspond- 
ing point;"  hence,  when  each  of  a  pair  of  these  identical 
points  is  simultaneously  excited,  but  a  single  sensation  is 
produced  in  the  brain. 

The  corresponding  points  in  each  retina  (without  noticing 
slight  deviations),  are  those  which  are  situated  at  the  same 
lateral  and  vertical  distances  from  the  point  of  the  retina  at 
which  the  rays  of  light  come  to  a  focus  when  we  fix  the  eye 
for  exact  vision,  namely,  the  yellow  spot.    (Hclmholtz) 

In  binocular  vision,  as  before  stated,  the  outward  projec- 
tion is  in  the  common  visual  line  that  divides  the  angle  of 
convergence  into  two  equal  parts,  and  the  eccentric  retinal 
images  are  arranged  around  this  in  accordance  with  fixed 
laws.  The  retinal  horizon  corresponds  with  the  plane  of 
gaze  when  the  eyes  are  in  a  primary  position.  Objects, 
whose  images  are  formed  on  the  vertical  lines,  passing 
through  the  fovea  centralis  and  dividing  the  horizons  of  the 
two  retinas,  appear  in  the  median  plane,  or  in  a  plane  per- 
pendicular to  the  visual  plane  drawn  through  the  common 
visual  axis  ;  these  lines  are  said  to  be  identical  meridians. 
Other  meridians  are  identical  which  lie  in  corresponding 
planes  passing  through  the  common  visual  axis.  We  see  in 
the  same  direction  all  points  of  objects  whose  images  are 
formed  on  corresponding  parts  of  the  two  retinas.  The 
point  of  fixation  is  called  the  nuclear-point  of  visual  space; 
and  an  imaginary  plane  passing  through  the  nuclear-point 
perpendicular  to  the  visual  direction  is  called  the  nuclear- 
surface  of  the  visual  space.  A  line  or  surface  in  the  nuclear- 
space,  all  of  whose  points  are  formed  on  corresponding 
points  of  the  two  retinas,  is  called  the  horopter. 
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It  is  evident  that  this  law  of  identical  points  cannot  apply- 
to  eccentric  vision,  for  here  the  images  in  either  eye  must  be 
formed  to  the  right  or  left  of  the  vertical  meridian  passing 
through  the  yellow  spot,  and  yet  they  are  seen  single.  "  We 
may  also  say  that  the  power  of  the  single  sensation  extends  to 
different  parts  of  both  retinas,  and  may  be  here  called  facul- 
tative, since  practice  and  all  kinds  of  artificial  assistances 
cause  an  object  originally  seen  single,  to  appear  separated  into 
two  false  images.  Still  more,  single  vision  with  disconsonant- 
retinal  positions  is  one  of  the  requirements  for  the  solid 
vision  of  objects.    (Hcri?ig.)"    (Stellwag?) 

There  are  certain  phenomena  which  militate  against  the 
doctrine  of  absolute  identity  of  corresponding  points;  as,  for 
instance,  if  we  form  two  circles  of  different  magnitudes,  situ- 
ated near  each  other,  and  adjust  the  eyes,  either  by  converg- 
ence or  by  means  of  the  stereoscope,  so  that  the  lines  coin- 
cide in  the  yellow  spots,  we  see  but  a  single  circle,  whose 
magnitude  is  a  mean  between  the  two  looked  at.  With  a 
single  eye,  if  the  smaller  circle  be  drawn  within  the  larger, 
under  all  conditions  of  adjustment  and  position,  two  circles 
are  seen  instead  of  one  of  medium  magnitude.  Some  have 
thought  it  probable,  from  pathological  investigations,  that  the 
nerve  fibres  from  the  right  halves  of  each  retina  pass  to  the 
right  cerebral  hemisphere,  and  those  from  the  left  halves 
pass  to  the  left  side  of  the  brain.  Tyndall  gives  a  familiar 
illustration  of  this:  "We  may  compare  the  arrangement  to 
that  of  the  reins  of  a  pair  of  horses :  the  inner  fibres  only  of 
each  optic  nerve  cross,  so  that  those  which  run  to  the  right 
half  of  the  brain  are  the  outer  fibres  of  the  right,  and  the 
inner  fibres  of  the  left  retina,  while  those  which  run  to  the 
left  cerebral  hemisphere  are  the  outer  fibres  of  the  left,  and 
the  inner  of  the  right  retina:  just  as  the  inner  reins  of  both 
horses  cross,  so  that  the  rein  of  the  off-horse  and  the  inner 
of  the  near  one  run  together  to  the  driver's  right  hand,  while 
the  inner  rein  of  the  off,  and  the  outer  of  the  near  horse  pass 
to  his  left  hand." 
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But  this  arrangement  of  the  nerve  fibres  has  been  doubted 
by  many  eminent  anatomists;  and  the  more  recent  investi- 
gations of  Biesiadecki,  Pawlowsky,  Michel,  Mandelstamm, 
and  Scheel  seem  to  prove  that  the  optic  tracts  totally  cross 
each  other  in  the  chiasma. 

The  explanation  of  the  phenomenon  of  single  vision 
from  two  retinal  images  is  still  very  unsatisfactory.  Miil- 
ler's  hypothesis  of  identical  retinal  points  is  rejected  by 
many  eminent  physiologists.  It  is  often  difficult  to  distin- 
guish, among  the  ideas  acquired  by  the  sense  of  sight, 
between  that  which  proceeds  immediately  from  sensation 
and  that  which  proceeds,  on  the  contrary,  from  experience 
and  practice.  Hence,  one  class  of  observers  is  disposed 
to  assign  the  larger  place  to  the  influence  of  experience,  and 
from  it  to  deduce  all  ideas  of  space.  This  may  be  called 
the  empirical  theory.  Others,  while  constrained  to  admit 
the  influence  of  experience  as  to  some  perceptions,  believe 
themselves  obliged  to  maintain,  as  to  certain  elementary 
perceptions,  which  are  presented  in  the  same  manner  to  all 
observers,  a  system  of  innate  or  inherent  ideas  not  based 
upon  experience.  This  theory,  in  opposition  to  the  preced- 
ing, we  may  designate  the  innate  theory  of  visual  percep- 
tions. Helmholtz  concludes,  "  That  every  anatomical  hy- 
pothesis which  admits  a  complete  fusion  in  the  sensations 
of  the  two  sides,  by  supposing  that  the  fibres  proceeding 
from  corresponding  retinal  points  reunite  two  by  two  in 
fibres  which  transmit  each  a  single  sensation  to  the  brain, 
ought  to  be   abandoned    as   not   in   accord   with   the   facts. 

In  truth,  it   seems  to  me  that,  for  an  explanation 

altogether  satisfactory,  no  such  hypothesis  is  needed." 

Estimation  of  Depth  and  Solidity. 

When  we  look  at  an  irregularly  formed  object,  or  one 
whose  visible  surface  is  not  plane,  a  plane  image  is  formed 
in  both  eyes;  but  certain  parts  of  the  object  arc  visible  to 
either  eye  that  are  not  seen  by  the  other.  It  is  these  parts 
of  the  image  visible  to  one  eye  alone,  and  not  to  the  other, 
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that  give  the  idea  of  solidity  of  objects,  or  of  three  dimen- 
sions. If  we  take  a  flat  ruler  and  hold  the  square  edge 
before  the  eyes,  in  the  median  plane,  the  flat  edge  is  seen 
alike  by  either  eye,  but  the  right  side  of  the  ruler  is  visible 
to  the  right  eye  alone,  the  other  side  to  the  left  alone  ;  here 
we  have  an  image  common  to  both  eyes  and  an  additional 
one  for  each  eye  separately.  From  the  additional  image  to 
the  right  eye,  we  see  that  the  ruler  has  a  side ;  thus  we  find 
that  it  has  two  dimensions ;  and  we  judge  the  size  of  the 
side  by  comparing  its  image  with  the  image  of  the  flat  edge, 
formed  alike  in  both  eyes.  So  with  the  left-hand  side — its 
image  is  formed  alone  on  the  left  half  of  the  retina  of  the  left 
eye,  from  which  we  derive  the  idea  that  the  ruler  has  another 
side  ;  thus,  by  these  images,  one  common  to  both  eyes,  the 
others  different  from  each  other,  and  each  respectively  be- 
longing to  a  single  eye,  we  learn  that  the  ruler  has  a  flat 
edge  and  two  sides ;  and  so  with  all  solid  objects  seen  in 
binocular  vision,  those  parts  of  images  not  lying  in  the  clear 
nuclear-space  common  to  both  eyes  —  that  is,  in  the  surface 
seen  alike  by  either  eye  —  give  the  perception  of  depth  and 
solidity.  This  mode  of  determining  the  solidity  of  bodies 
does  not  so  well  apply  to  objects  situated  at  great  distances, 
for  in  such  cases  the  images  formed  on  the  two  retinas  are 
very  nearly  alike.  Here  we  are  greatly  assisted  in  our  esti- 
mate of  solidity,  by  what  we  have  learned  from  past  experi- 
ence as  to  the  particular  nature  of  the  objects  which  we 
see ;  for  example,  when  we  see  the  mast  of  a  ship  at  the  dis- 
tance of  two  or  three  miles,  we  imagine  it  to  be  solid  and 
round,  because  we  have  previously  learned  that  such  is  the 
usual  form  of  masts ;  but  if  a  plane  surface,  equal  to  the 
width  of  the  mast,  were  placed  by  the  side  of  the  latter,  we 
could  scarcely  distinguish  between  the  two. 

Ocular  Estimation  of  Magnitude  and  Distance. 

The  faculty  which  we  possess  of  determining  with  more 
or  less  accuracy  the  form,  size,  distances,  and  relative  posi- 
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tions  of  objects  situated  in  space,  is  an  acquired  one;  it  is 
the  result  of  knowledge  gained  by  experience.  Observa- 
tions on  those  born  blind,  and  who  after  some  years  have 
been  restored  to  sight,  show  that  such  persons  can  at  first 
form  by  ocular  estimation  no  ideas  of  the  magnitude  and 
distance  of  objects  —  that  they  have  to  go  through  the  same 
processes  of  learning  by  slow  degrees  as  the  child.  Young 
children  often  make  ludicrous  mistakes  in  perspective  esti- 
mation, and  reach  out  their  hands  to  grasp  objects  that  are 
far  beyond  their  reach. 

Helmholtz  says  he  distinctly  remembers  that,  when  a  child, 
in  passing  a  church  in  Potsdam,  he  saw  persons  standing 
on  the  platform  of  the  tower.  From  their  apparently  dimin- 
utive size,  he  took  them  for  toys,  and  asked  his  mother  to 
give  them  to  him,  believing  that  he  had  only  to  reach 
out  his  hand  in  order  to  grasp  them,  because  perspective  made 
the  persons  appear  too  small.  Who,  even  in  riper  years, 
has  not  momentarily  thought  that  he  saw  a  speck  on  the 
glass,  but  soon  discovered  that  the  illusion  was  caused  by  a 
large  bird  flying  in  the  distance. 

In  order  to  obtain  an  accurate  knowledge  of  the  real  posi- 
tions of  objects  in  space,  it  is  necessary  to  know,  on  the  line 
of  vision,  the  distance  from  the  eye  of  each  of  the  points 
which  we  see.  The  same  object,  at  different  distances,  gives 
images  of  magnitudes,  varying  with  the  size  of  the  visual 
angle  under  which  it  is  seen;  objects  of  known  form  and 
size  placed  by  the  side  of  those  whose  magnitudes  and  dis- 
tances are  unknown,  enable  us  to  determine  with  accuracy 
the  distance  and  magnitude  of  the  latter.  The  military 
make  use  of  perspective  in  calculating  the  distance  and  posi- 
tion of  the  enemy  when  on  unknown  ground.  Optical  in- 
struments for  this  purpose  have  been  constructed,  by  means 
of  which  the  angle  under  which  a  man  is  seen  is  accurately 
determined  and  recorded  ;  and  a  corresponding  distance  at 
once   read   off.     Trees,   houses,   and    cultivated    plants,   are 
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much  less  useful  for  these  determinations,  on  account  of  the 
greater  variations  of  their  size. 

The  size  of  the  retinal  image  is  inversely  proportional  to 
the  distance  of  the  object.  If  we  look  with  one  eye  at  the 
trunk  of  a  large  tree,  distant  one  hundred  feet,  and  hold  in 
the  hand  vertically  a  cane,  at  a  certain  distance  from  the  eye, 
the  cane  just  covers  the  trunk  of  the  tree,  and  prevents  the 
latter  from  being  seen.  The  retinal  image  of  the  cane  has 
the  same  breadth  as  that  of  the  tree;  hence,  the  judgment 
must  be  brought  into  action  to  determine  the  distance  of 
the  tree.  Our  experience  has  previously  taught  us  that  if 
the  tree  were  very  small,  and  as  near  the  eye  as  the  cane, 
we  could  not  see  the  ground  on  which  it  stands,  nor  its 
branches  and  foliage  ;  hence,  we  conclude  that  it  is  larger,  and 
at  a  greater  distance,  because  the  ground  and  other  parts  of 
the  tree  than  its  trunk  appear  in  the  field  of  vision.  We 
define  accurately  the  shape  of  the  leaves,  also  the  roughness 
and  irregularities  of  the  bark,  which  we  know  we  could  not 
see  at  the  distance  of  two  or  three  hundred  feet ;  hence,  we 
conclude  that  the  tree  is  nearer  than  the  latter  distance  and 
farther  off  than  the  cane ;  the  tree  may  stand  just  across 
a  street  or  lot  of  known  width,  or  by  the  side  of  objects,  the 
distance  and  size  of  which  we  have  previously  learned.  The 
brain  compares  the  new  sensation  from  the  retinal  image  of 
the  tree  with  those  from  other  objects  previously  defined, 
estimated,  and  stored  away  in  the  memory,  and  thus,  by  com- 
parison, we  form  a  tolerably  accurate  judgment  of  the  dis- 
tance of  the  tree,  and  knowing  the  distance,  we  estimate  its  size. 
The  case  is  different  when  we  look  with  one  eye,  through 
a  tube  the  length  of  which  we  do  not  know,  or  sit  at  the 
back  of  a  room  and  look  through  an  open  shutter  at  objects 
of  unknown  distance  and  magnitude  ;  here,  surrounding  bodies 
of  known  form  and  distance  are  excluded  from  the  field 
of  vision  ;  we  now  find  it  very  difficult  to  correctly  estimate 
distance,  particularly  of  flat  surfaces.  For  irregular  bodies, 
the  angles  formed  by  one  side,  compared  with  those  of  the 
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plane  surfaces,  materially  assist  our  powers  of  forming  a  cor- 
rect judgment,  particularly  if  a  little  time  be  allowed  to  move 
the  visual  line,  so  as  to  bear  on  different  parts  of  the  object 
or  objects  in  the  field  of  vision.  The  tension  of  accommo- 
dation assists  us  very  materially  in  determining  size  and  dis- 
tance, because  we  are  accustomed  to  exercise  a  certain  amount 
for  every  specified  distance  nearer  than  twenty  feet.  If, 
through  a  tube  placed  in  a  screen,  or  a  partition  wall,  so  as 
to  prevent  our  seeing  any  object  except  the  point  looked  at, 
we  can  read  No.  I  Snellen  Test-Type,  at  5"  or  6" ',  we  judge 
it  to  be  very  near  the  eye,  because  a  high  tension  of  the 
ciliary  muscle  is  required.  We  have  learned  by  past  experi- 
ence that  for  each  distance  there  is  a  corresponding  tension 
of  accommodation,  and  when  that  distance  is  unknown,  we 
unconsciously  measure  it  and  the  magnitude  of  the  object 
by  the  amount  of  innervation  required  to  produce  the  neces- 
sary tension  of  the  ciliary  muscles.  We  also,  in  order  to 
assist  our  judgment  of  distances,  move  the  head  or  body,  so 
as  to  see  objects  under  different  angles,  and  thus  form  a 
parallax. 

Persons  with  but  one  eye  perform  delicate  manipulations 
slowly  and  hesitatingly,  and  are  liable  to  commit  errors  of 
judgment.  Those  who  have  recently  lost  an  eye,  soon  learn 
this  by  experience.  In  attempting,  for  illustration,  to  pour 
water  from  a  pitcher  into  a  goblet,  they  often  miss  the  glass. 
Any  one  can  easily  appreciate  the  difficulties  such  persons 
experience  in  correctly  estimating  the  distance  and  position 
of  objects,  by  taking  in  his  hand  a  pencil,  and,  after  closing 
one  eye,  attempting  to  quickly  place  the  point,  held  verti- 
cally, on  a  small  spot  on  a  table.  He  will  in  most  of  his 
efforts  fail  in  the  attempt,  but  if  his  hand  be  moved  slowly,  so 
as  to  give  him  time  to  correct  errors  of  judgment,  the  point 
of  the  pencil  will  fall  on  the  designated  spot.  With  a  single 
eye,  we  can  accomplish  very  good  and  useful  results,  but  with 
two,  our  judgment  is  more  quickly  formed,  and  with  a  much 
greater  degree  of  accuracy.     Convergence  and  accommoda- 
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tion  always  act  in  perfect  harmony.  If  the  refractive  media 
are  adjusted  for  a  point  six  inches  from  the  eyes,  the  inter- 
nal recti  muscles  converge  the  visual  axes  to  that  point.  If 
the  accommodation  be  for  two,  four,  six,  or  twenty  feet,  there 
is  always  a  corresponding  degree  of  convergence ;  hence, 
with  two  eyes  there  are  two  separate  and  distinct  sensations 
brought  into  action  —  one,  measured  by  the  amount  of  nervous 
power  required  to  produce  a  definite  degree  of  contraction 
of  the  ciliary  muscles,  the  other,  of  the  internal  recti  mus- 
cles. With  the  exercise  of  both  of  these  acts  brought  into 
use  in  binocular  vision,  in  addition  to  other  means,  we  are 
enabled  to  estimate  distance  and  magnitude  wn*&  a  wonder- 
ful degree  of  accuracy.  We  march  boldly  up  to  the  very 
brink  of  a  precipice,  or  leap  a  chasm  in  perfect  safety,  when 
the  miscalculation  of  a  few  inches  in  its  width  would  lead  us 
to  inevitable  destruction.  The  skilled  acrobat,  when  springing 
from  one  cross-bar  to  another,  suspended  fifty  feet  in  the  air, 
stakes  his  life  on  the  accuracy  of  his  judgment  of  distances  of 
ten,  fifteen,  or  twenty  feet,  almost  to  within  the  fraction  of  an 
inch.  It  is  doubtful  if  he  could  with  safety  accomplish  these 
feats  with  but  a  single  eye.  With  two  eyes  we  get  an  idea  of 
another  side  of  solid  objects,  and  of  another  series  of  angles 
for  comparison  with  those  from  the  other  surfaces.  With 
two  eyes  we  measure  the  amount  of  obstruction  on  the  back- 
ground produced  by  an  object — as,  if  we  look  with  one  eye 
at  a  lamp-post  in  front  of  the  wall  of  a  house,  we  find  that 
the  post  obstructs  the  view  of  a  certain  part  of  the  wall ;  if  we 
close  that  eye  and  look  with  the  other,  a  certain  other  part 
of  the  wall  is  hidden  from  view.  Now,  we  unconsciously 
measure  the  size  of  the  angles  forming  the  images,  not  only 
of  the  part  of  the  wall  obstructed  by  the  post  common  to 
both  eyes,  but  also  make  separate  measurement  by  each  eye 
of  the  obstructed  part  of  the  retinal  image  belonging  to  each 
respectively.  We  know  that  the  part  of  the  house  ob- 
structed from  view  and  the  post  are  inclosed  in  the  same 
angle,  and  knowing  the  size  of  the  post,  we  instantly  calcu- 
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late  the  distance  it  must  be  from  the  house  in  order  that 
the  angle  may  cover  that  part  hidden  from  view.  On  the 
contrary,  knowing  the  distance  of  the  house,  and  the  dimen- 
sions of  the  surface  hidden,  we  reciprocally  estimate  the  size 
of  the  post  and  its  distance  from  the  eyes ;  and  so  for  all 
other  objects  within  the  field  of  vision.  The  angles  of  each 
object  forming  perspective  images  on  the  retina,  are  esti- 
mated, compared,  and  their  relative  size  and  positions  deter- 
mined, almost  instantaneously,  and  with  a  wonderful  degree 
of  accuracy.  If  the  field  of  vision  be  large,  or  if  we  desire 
to  test  the  correctness  of  the  judgment  formed  by  a  single 
glance,  we  rapidly  bring  the  visual  lines  to  bear  successively 
on  different  parts  of  the  visual  field,  and  then  compare  the 
perspective  retinal  images  as  they  appear  at  the  different 
points  of  fixation;  thus  we  arrive  at  most  astonishingly  cor- 
rect conclusions  in  regard  to  the  size  and  distance  of  objects 
and  their  relative  positions  to  each  other.  Everybody  with 
serviceable  eyes  is  exercising  them  from  infancy  to  old  age. 
They  know  the  magnitude,  color,  distance,  and  relative  posi- 
tion of  every  object  in  the  visual  field,  because  they  see 
them  ;  but  how  few  ever  stop  to  analyze  the  psychological 
processes  the  brain  almost  instantaneously  goes  through  in 
order  to  arrive  at  these  definite  and  certain  conclusions  — 
all  the  result  of  knowledge  gained  by  experience. 

Aerial  Perspective. 

Illumination  furnishes  us  with  another  means  of  appre- 
ciating distance,  particularly  of  remote  objects.  By  aerial 
perspective  is  understood  the  partial  obscurities  and  changes 
of  color  which  the  images  of  distant  objects  undergo  from  the 
more  or  less  incomplete  transparency  of  the  layers  of  atmos- 
phere through  which  they  are  seen.  Water  that  is  suspended 
in  the  air  in  the  form  of  fogs,  which  are  usually  superimposed 
over  low  grounds  and  lakes,  appears  blue  when  illuminated 
in  front  of  a  dark  back-ground,  and  gives  a  red  color  to  light 
traversing  it  from  a  luminous  source.     The  greater  the  ob- 
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scurity  of  the  atmosphere  between  the  eyes  of  the  observer 
and  distant  objects,  the  greater  is  the  modification  that  the 
colors  of  these  objects  undergo.  It  will  be  in  blue  if  the 
objects  are  darker,  or  in  red  if  they  are  brighter  than  the 
intervening  obscuration.  This  is  the  reason  why  distant 
mountains  appear  blue  and  the  setting  sun  appears  red:  so 
the  clouds  near  the  horizon  are  ordinarily  blue,  but  when 
the  sun  shines  through  them  they  appear  red.  Distant  ob- 
jects seen  through  a  misty  or  smoky  atmosphere  seem  much 
farther  off  than  when  looked  at  through  a  clear  stratum  of 
air;  thus,  mountains  viewed  from  a  plain  seem  much  more 
distant  than  when  seen  from  the  top  of  an  elevation  equally 
remote,  because  in  the  former  case  they  are  seen  through  a 
misty  stratum  of  air  that  generally  rests  over  low  grounds, 
while  in  the  latter  case  the  observer  is  above  the  layer  that 
partially  obstructs  the  view. 

It  is  very  difficult  to  correctly  estimate  the  distance  of  a 
mountain,  partially  hidden  from  view  by  another;  so  with  a 
single  hill  or  knob  abruptly  rising  from  a  plain ;  here,  there 
are  no  surrounding  objects  of  known  form  and  magnitude  to 
aid  us,  by  comparison,  in  forming  our  judgment;  and  our 
estimation  of  the  size  and  distance  varies  with  the  transpar- 
ency of  the  atmosphere. 

The  painter  utilizes  aerial  perspective  in  order  to  present 
to  us,  upon  canvas,  representations  of  objects  of  three  dimen- 
sions, particularly  of  those  situated  at  a  distance.  He  first 
gives  the  perspective  outlines  of  the  plain  surfaces  of  bodies, 
then  adds  a  second  side;  afterwards,  by  the  proper  distribu- 
tion of  lights  and  shades,  he  adds  the  representation  of 
another  dimension,  thus  giving  to  the  images  of  the  objects 
the  appearance  of  depth  and  solidity.  Bodies  of  different 
magnitudes  and  distances  are  represented  in  perspective 
as  they  would  appear  to  the  eyes  when  actually  looking  at 
them.  He  is  thus  enabled,  within  certain  limits,  to  pro- 
duce on  the  flat  surface  of  the  canvas  very  striking  illusions, 
which  present  to  both  eyes  the  same  image.     He  enlarges 
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these  limits  by  other  means.  The  landscape  is  usually  repre- 
sented as  it  appears  when  the  sun  is  low  in  the  horizon,  giv- 
ing strong  shadows,  thus  making  the  perspective  outlines  of 
objects  stand  out  in  bold  relief,  and  particularly  sharp  on  the 
back-ground  of  the  sky.  He  chooses  a  misty  atmosphere 
because  it  makes  the  objects  appear  farther  off,  and  their 
bright  surfaces  stand  out  in  bolder  relief;  and,  at  the  same 
time,  obscures  the  delicate  shades,  which,  owing  to  his  lim- 
ited supply  of  colors,  he  is  unable  to  imitate.  He  brings 
objects  of  known  form  and  size  into  the  field,  as  men,  cat- 
tle, houses,  etc.,  in  order  that  the  distances,  dimensions,  and 
relative  positions  of  the  different  objects  represented  may  be 
measured,  by  comparison,  as,  by  representing  a  man  as  he 
would  appear  in  the  distance  beside  a  tree;  knowing  the 
ordinary  height  and  size  of  a  man,  the  observer  instantly 
forms  an  idea  by  comparison  of  the  height,  size,  and  distance 
of  the  tree,  and  this  enables  him  to  form  his  judgment  of 
the  magnitude  and  position  of  other  objects  ;  for  illustration, 
if  a  man  were  standing  at  the  foot  of  a  tree,  situated  on  the 
side  of  a  mountain,  judging  the  height  and  distance  of  the 
tree  by  the  image  of  the  man,  the  observer  estimates  the 
height  and  distance  of  the  mountain  by  comparing  it  with 
that  of  the  tree.  Houses  are  introduced  into  paintings  be- 
cause the  angles  forming  them  are  known  to  be  regular,  and 
particularly  enable  us  to  recognize  the  horizontal  position  of 
surfaces.  With  all  of  these  means  of  illusion  the  painter  can 
produce  wonderful  results.  "  But  objects  of  unknown  and 
irregular  shape,  as  rocks  or  masses  of  ice,  baffle  the  skill  of 
the  most  consummate  artists  ;  and  even  their  representations 
in  the  most  complete  and  perfect  manner  possible,  by  means 
of  photography,  often  show  nothing  but  a  confused  mass  of 
black  and  white.  Yet,  when  we  have  these  objects  in  reality 
before  our  eyes,  a  single  glance  is  enough  for  us  to  recognize 
the  form."     {Helm hoi tz.) 
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Illusions  of   Ocular  Estimation. 

There  are  many  errors  of  ocular  estimation,  dependent 
upon  the  nature  of  the  eye,  which  it  is  difficult  for  the  judg- 
ment to  correct.  If  two  lines  of  equal  length  be  drawn  near 
each  other,  one  vertical  the  other  horizontal,  we  usually 
judge  the  horizontal  one  to  be  the  longer  of  the  two;  for 
this  reason,  if  we  attempt  by  the  eye,  to  draw  a  square  figure 
on  a  piece  of  paper  placed  perpendicular  to  the  line  of  vision, 
we  always  make  the  vertical  side  too  short.  If  a  vertical  line 
be  cut  by  a  horizontal  one,  and  the  surface  be  held  perpen- 
dicular to  the  visual  line  at  the  point  of  crossing,  to  most 
persons,  when  using  the  right  eye  alone,  the  right  angles 
to  the  right  and  above,  and  to  the  left  and  below  the  hori- 
zontal line,  will  appear  to  be  obtuse  angles,  while  those  op- 
posite will  appear  to  be  acute.  If  the  left  eye  be  used,  just 
the  reverse  takes  place.  If  we  attempt  to  draw,  when  look- 
ing with  the  right  eye,  on  a  piece  of  paper  held  perpendicu- 
lar to  the  visual  line,  a  perpendicular  to  a  horizontal  line,  the 
top  will  incline  about  1°  to  the  right;  and  all  of  the  angles 
will  appear  as  right  angles.  If  the  effort  be  made  by  aid  of 
the  left  eye,  the  top  of  the  line  wiil  incline  about  i°  to  the 
left;  and  the  four  angles  will  be  estimated  as  rectangles. 
In  a  correctly  drawn  equilateral  triangle,  the  angle  at  the 
top  will  appear  smaller  than  those  at  the  base.  The  illu- 
sion in  the  estimation  of  right  angles  is  probably  due  to 
a  slight  inclination  of  the  retinal  horizon  with  reference  to 
the  visual  plane,  together  with  a  corresponding  inclination  of 
the  vertical  meridian.  A  line  divided  by  several  cross  lines, 
appears  longer  than  an  undivided  one  of  equal  length.  Bravais 
states  that,  when  one  is  on  the  sea,  at  a  certain  distance  from 
a  coast  which  presents  great  irregularities  of  surface,  and 
makes  a  design  of  the  elevations  as  they  present  themselves 
to  the  eye,  the  horizontal  dimensions  having  been  correctly 
drawn  according  to  a  certain  scale,  the  angular  vertical  dis- 
tances are  always  represented  on  a  scale  twice  as  large.  An 
amusing  parlor  experiment  is  often  made;  a  hat  is  shown  a 
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person,  and  he  is  requested  to  designate  on  the  wall  a  point 
he  thinks  the  hat  will  reach  when  placed  on  the  floor;  he 
invariably  estimates  the  height  too  great  by  about  one-half. 

If  parallel  lines  be  drawn,  as  A  B  and  C  D,  in  Figures  54 
and  55,  they  appear  to  us  as   parallel  ;  but   if  short  oblique 
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Figures  54  and  55. 

lines  be  added,  as  represented  in  Figure  54,  the  parallel  lines 
seem  to  converge  from  their  middles  ;  but  if  the  oblique  lines 
be  drawn  as  in  Figure  55,  the  parallel  lines  seem  to  diverge 
from  their  middles.  If  the  skirt  of  a  lady's  dress  be  verti- 
cally striped,  she  appears  taller  than  she  is  in  reality;  the 
effect  is  reversed  if  the  stripes  are  horizontal.  Tailors  and 
modistes  make  practical*  application  of  the  various  means  of 
producing  ocular  illusions,  in  order  to  hide  the  real  or 
imaginary  deformities  of  the  human  figure. 

The    Stereoscope. 

There  is  in  each  eye  a  perspective  image  of  objects  situ- 
ated in  the  field  of  vision,  and  as  the  two  eyes  do  not 
occupy  the  same  position  in  space,  they  regard  these  objects 
from  different  points  of  view  ;  consequently,  the  projected 
perspective  images  are  not  exactly  alike.     When  we  hold  a 
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thin  book  in  the  median  plane,  with  its  edge  towards  the 
face,  the  right  eye  sees  the  edge  and  the  right  side,  the  left 
eye  the  edge  and  the  left  side  of  the  book  —  the  most  distant 
part  of  the  right  side  appears  to  the  right  eye  to  the  right 
of  the  nearest  part,  while  the  farthest  part  of  the  left  side 
appears  to  the  left  eye  to  the  left  of  the  nearest  part.  If  a 
painting  be  made,  or  a  photographic  representation  be  taken 
of  the  book,  only  the  edge  and  one  side  will  be  represented ;  and 
the  eyes,  in  looking  at  the  picture,  will  receive  a  like  image 
in  both  ;  the  imagination  must  be  strongly  exercised  in  order 
to  obtain  an  idea  of  solidity  or  three  dimensions.  If  two 
photographic  instruments  be  placed  a  little  apart,  correspond- 
ing to,  or  a  little  more  than  the  distance  between  the  two 
eyes,  and  a  picture  of  the  same  solid  object  be  taken  by  each, 
that  of  the  right-hand  instrument  will  represent  the  image 
as  it  is  formed  on  the  retina  of  the  right  eye,  the  left-hand 
instrument  the  image  on  the  retina  of  the  left  eye.  Now, 
if  the  right-hand  photograph  be  placed  to  the  right  by  the 
side  of  the  left-hand  one,  any  person  who  has  a  sufficient 
command  over  the  internal  recti  muscles  to  bring  correspond- 
ing points  of  the  two  images  to  be  seen  singly  with  both 
eyes,  will  have  the  same  sensorial  impressions,  in  black 
and  white,  as  if  he  were  actually  looking  at  the  object  itself. 
Any  one  with  two  serviceable  eyes  can  easily  prove  by 
experiment,  his  ability  to  fuse,  by  convergence,  two  similar 
images  formed  by  two  like  plane  objects.     Figure  56  repre- 


Figure  56. 
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sents  two  lines  that  are  parallel  and  alike  in  every  respect; 
when  we  look  at  them  in  the  ordinary  exercise  of  vision  we 
see  the  two  lines,  but  if  the  eyes  be  sufficiently  converged 
to  cause  both  images  to  fall  on  identical  meridians  of  the  two 
retinas,  but  a  single  line  will  be  seen,  situated  intermediate 
between  the  two.  The  necessary  degree  of  convergence  is 
more  easily  produced  if  the  page  be  placed  vertically,  at  the 
distance  of  two  or  three  feet,  and  the  point  of  a  pen  be  held 
tenor  twelve  inches  from  the  eyes,  in  the  common  visual 
line  directed  to  a  point  intermediate  between  the  two  lines. 
If  we  look  sharply  at  the  point  of  the  pen  we  shall  at  first 
see  three  lines,  but  soon  the  two  side  lines  will  disappear, 
and  a  single  one  intermediate  between  the  two  will  be  seen  ; 
the  images  are  now  formed  on  identical  meridians,  and  the 
sensation  of  a  single  image  produced. 

The  circles    represented    in   Figure    57    can    be    fused    in 
the    same    manner.     So    in  all  stereoscopic   pictures,  corre- 


Fig-ure  57. 

sponding  symmetrical  points  and  lines  of  the  photographs 
can,  by  convergence  of  the  two  eyes,  be  reproduced  on  iden- 
tical parts  of  the  two  retinas  and  seen  singly;  while  the  non- 
symmetrical parts  of  the  pictures  are  reproduced  only  in  the 
eve  to  which  they  respectively  belong  and  give  the  impression 
of  depth  and  solidity,  making  solid  objects  stand  out  in  bold 
relief.  The  symmetrical  parts  of  the  photographs  are  fused 
much  more  easily  by  the  aid  of  the  stereoscope,  and  the  effect 
is  the  same  as  if  produced  by  convergence.     The  original  ster- 
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eoscope  of  Wheatstone  was  made  by  placing  two  plane  mir- 
rors in  such  positions  that  the  reflected  images  of  symmetri- 
cal points  of  the  photographs  appeared  on  identical  points 
of  the  two  retinas.  In  the  stereoscope  of  Brewster,  now  in 
common  use,  the  same  effect  is  produced  by  placing  two 
prisms  having  the  proper  angles,  before  the  eyes,  with  their 
bases  outwards.  The  rays  of  light  emanating  from  different 
points  of  the  two  photographs  are  so  bent  by  the  prisms, 
that,  by  very  slight  assistance  from  the  external  ocular  mus- 
cles, they  are  fused  so  as  to  give  the  impression  of  a  single 
image. 

The  prisms  are  usually  combined  with  convex  lenses,  in 
order  to  magnify  the  images,  and  thus  render  them  more  dis- 
tinct. Brewster's  instrument  is  the  most  convenient,  but  the 
illusion  is  rendered  more  perfect  by  the  reflecting  stereoscope 
of  Wheatstone.  The  perfection  of  the  illusion  produced  by  the 
stereoscope  cannot  fail  to  excite  our  wonder  and  admira- 
tion. If  two  cards  be  printed  from  the  same  type,  or  from 
an  engraved  plate,  the  two  impressions  must  be  exactly  alike; 
and  if  placed  side  by  side  in  a  stereoscope,  they  are  easily 
united  into  a  single  flat  image.  The  most  skilful  engraver 
cannot  make  an  exact  copy  of  an  engraved  plate;  conse- 
quently, if  an  impression  from  the  original,  and  one  from 
the  copy,  be  placed  in  the  stereoscope,  the  eye  instantly  de- 
tects the  difference,  and  this  trial  forms  one  of  the  most  cer- 
tain means  of  detecting  counterfeit  bank-notes.  If  a  genuine 
note  and  a  spurious  one  be  examined  in  this  manner,  the  dif- 
ference between  the  two  at  once  becomes  plainly  manifest. 
To  fuse  symmetrical  points  of  stereoscopic  pictures,  the  eyes 
undergo  the  same  changes  of  convergence  as  they  would  in 
looking  at  the  actual  objects  themselves. 

The  Pseudoscope. 

By  means  of  an  instrument  called  the  Pseudoscope,  a 
modification  is  made  in  the  binocular  images  of  solid  objects, 
causing  the  stereoscopic  relief  to  be  reversed,  so  that  convex 
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surfaces  appear  concave,  and  concave  surfaces  convex.  This 
effect  can  be  produced  by  two  plane  mirrors,  one  placed  by 
the  side  of  each  eye,  in  such  a  position  as  to  cause  the  rays 
of  light  coming  from  different  parts  of  a  solid  object,  to  lat- 
erally cross  each  other  before  entering  the  eyes  ;  but  the 
illusion  is  much  more  perfectly  rendered  by  the  pseudoscope 
of  Wheatstone,  which  contains  two  rectangular  glass  prisms, 
so  arranged  that  the  unrefracted  rays  pass  to  the  eyes  of  the 
observer  in  a  direction  parallel  to  their  hypothenuse.  The 
rays  corresponding  with  the  visual  axes  remain  unchanged ; 
but  all  other  rays,  to  the  right  of  the  median  plane,  in  the 
right  eye,  and  to  the  left  of  the  median  plane,  in  the  left 
eye,  fall  on  the  hypothenuse  at  acute  angles  and  are  totally 
reflected ;  rays  from  two  points  of  the  object  cross  each 
other  before  entering  the  eyes,  rendering  the  convergence 
greater  for  the  distant  than  for  the  near  points  ;  hence,  the  near 
points  appear  farther  off  than  the  far  points.  As  each  eye  sees 
the  objects  symmetrically  reversed  by  reflection,  the  con- 
cordance between  the  images  of  the  two  eyes  is  preserved ; 
if  we  look  through  the  pseudoscope  at  the  inside  of  a  teacup 
or  bowl,  we  seem  to  be  looking  at  the  outside;  on  the  con- 
trary, if  the  convex  surfaces  be  turned  towards  the  eyes  we 
seemingly  see  them  concave.  If  we  look  at  a  medal  in  relief, 
we  apparently  see  its  mould ;  so  on  the  contrary,  if  we  look 
at  the  mould  it  appears  as  the  medal  in  relief. 

A  partial  pseudoscopic  effect,  or  reversal  of  relief,  can  be 
produced  by  reversing  the  images  in  a  stereoscope ;  that  is, 
by  placing  the  image  intended  for  the  right  eye  to  the  left 
of  the  one  belonging  to  the  left  eye,  the  right  eye  sees  the 
non-symmetrical  part  of  the  image  normally  visible  to  the 
left  eye  alone;  and  the  left  eye  sees  the  non-symmetrical 
part  of  the  image  belonging  to  the  right  eye. 

Thus,  in  the  stereoscope,  Fig.  57  appears  as  a  truncated 
wire  cone,  with  base  farthest  from  the  eyes.  But  change  the 
position  of  the  figures,  placing  that  at  the  right  to  the  left, 
and  then  the  base  will  appear  nearest  the  eyes. 


PART   III. 

ERRORS    OF   REFRACTION   AND   DE- 
FECTS OF  ACCOMMODATION. 


MOST  of  what  has  been  said  in  the  second  part  of  this 
work  has  reference  to  the  emmetropic  eye  —  that  is, 
to  an  eye  so  constructed  that,  when  at  rest,  or  in  other  words, 
when  there  is  no  active  accommodation,  parallel  rays,  or  rays 
emanating  from  a  point  twenty  feet  or  more  distant,  are 
united  in  a  point  on  the  bacillar  layer  of  the  retina.  Recent 
investigations  show  that  the  emmetropic  eye  is  only  emme- 
tropic in  the  region  of  the  macula  lutea,  while  it  is  hyper- 
metropic in  all  of  its  other  parts,  the  degree  gradually  in- 
creasing from  near  the  yellow  spot  to  the  periphery  of  the 
retina.  The  hypermetropic  eye  is  hypermetropic  at  the 
macula  lutea,  still  more  so  at  the  lateral  parts  of  the  globe 
The  highest  grade  of  myopia  is  at  or  near  the  yellow  spot, 
while  the  degree  rapidly  diminishes  as  the  distance  from  this 
position  increases.  Neither  in  the  emmetropic  nor  in  the 
ametropic  eye,  is  the  distance  of  the  retina  from  the  optical 
centre  of  the  eye  the  same  in  all  its  parts.  The  emme- 
tropic eye  is  taken  as  the  standard  of  measurement,  by  which 
ametropia  and  its  degree  are  determined. 

The  typical  forms  of  the  emmetropic,  hypermetropic,  and 
myopic  eye  are  represented  in  Figures  58,  59,  and  60,  after 
Donders. 

It  is  seen  in  Figure  58,  representing  the  emmetropic  eye, 
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that  parallel  rays  unite  in  exactly  the  right  point  to  form  a 
perfectly  defined  image  on  the  sensitive  layer  of  the  retina. 


Figures  58,  59,  60. 

In  the  hypermetropic  eye,  Figure  59,  the  retina  is  too  near 
the  optical  centre  of  the  eye  ;  parallel  rays  are  united  in  a 
virtual  focus  behind  the  retina ;  consequently,  the  retinal 
image  is  blurred  and  indistinct.  In  the  myopic  eye  (Figure 
60),  parallel  rays  are  brought  to  a  focus  in  front  of  the  retina ; 
they  over-cross  and  fall  on  the  bacillar  layer  in  circles  of 
diffusion. 

Changes  that  take  place  in  the  Eye  with  the  Advance  of 

Age. 

It  has  been  shown  that  the  acuteness  of  vision,  particu- 
larly for  distant  objects,  varies  with  the  degree  of  transpar- 
ency of  the  atmosphere.     The   perfection   of  retinal   images 
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also  varies  with  the  degree  of  transparency  of  the  refractive 
media.  Daily  observations  with  the  ophthalmoscope  prove 
to  us  that  at  no  period  of  life  is  the  transparency  of  the  media 
so  perfect  as  in  childhood,  while  it  gradually  diminishes  with 
age;  hence,  it  follows  that  even  if  there  were  no  other  causes 
to  produce  this  effect,  the  acuteness  of  vision  must  be  greater 
in  youth  than  it  is  in  after-life. 

The  loss  of  transparency  of  the  media  is  manifested  by 
diminished  lustre  of  the  cornea  and  the  formation  of  the  arcus 
senilis  near  its  margin;  by  the  formation  of  folds  of  the  mem- 
branes of  the  vitreous,  and  by  the  increase  in  numbers  and 
size  of  muscae  volitantes ;  the  layers  of  the  crystalline  lens 
become  turbid  and  its  nucleus  assumes  a  yellowish  tint;  the 
retina  also  becomes  slightly  opaque.  The  diminution  of 
transparency*  of  the  refractive  media  progresses  with  such 
uniform  regularity  with  advancing  years,  that  practised  oph- 
thalmoscopists  are  able  to  approximate  the  age  of  the  patient 
by  observing  the  clearness  with  which  the  fundus  of  the  eye 
can  be  seen. 

Changes  take  place  in  the  sclerotica,  choroid,  and  iris; 
the  size  of  the  pupil  gradually  diminishes  with  increasing 
years ;  the  quantity  of  light  admitted  within  the  eye  is  less- 
ened, and  this  decrease  must  be  compensated  for  by  an 
increase  in  the  degree  of  illumination  ;  senile  changes  take 
place  in  the  optic  nerve,  whereby  its  conductive  power  is 
diminished,  and  it  is  probable  that  the  sensibility  of  the  per- 
ceptive elements  is  blunted.  Other  changes  occur,  causing 
a  decrease  in  the  refraction  of  the  eye,  and  a  lessening  of  the 
range  of  accommodation.  The  crystalline  lens  increases  in 
firmness  and  becomes  more  homogeneous,  while  the  surfaces 
of  separation  between  its  different  layers  become  less  dis- 
tinctly marked;  as  a  consequence,  the  crystalline  loses  apart 
of  its  refractive  power;  the  increase  in  its  firmness  renders 
it  more  difficult  for  the  ciliary  muscle  to  produce  the  degree 
of  curvature  of  the  surfaces  of  the  lens  necessary  for  the  dis- 
tinct near  vision  of  small  objects,  thus  lessening  the  range 
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of  accommodation.  The  gradual  diminution  in  the  refrac- 
tion of  the  eye  when  at  rest,  gives  rise,  at  middle  age  or  a 
little  later,  to  acquired  hypermetropia.  Some  of  the  above- 
mentioned  changes  commence  in  childhood,  but  progress  so 
slowly  that  they  escape  notice;  the  defects  being  in  a  great 
measure  neutralized  by  an  increase  of  illumination,  and  by 
holding  small  objects  farther  from  the  eyes,  until  finally  they 
become  sufficiently  manifest  to  interfere  with  the  functions  of 
the  unassisted  eye. 

Range  of  Accommodation  Diminished  by  Age. 

As  stated  on  page  80,  r  represents  the  farthest  point  of 
distinct  vision,  and  p  the  nearest  point  at  which  small  ob- 
jects can  be  distinctly  seen ;  R  and  P,  the  measure  of  these 

distances  from  the  eye  respectively,  -r  represents  the  range 
of  accommodation,  and  *>  represents  infinite  distance.  The 
range  of  accommodation  is  found  by  the  formula  ^=  p  —  p~- 
r  represents  the  natural  refractive  state  of  the  eye  when 
at  rest,  and  in  the  emmetropic  eye  its  distance  is  infinite. 
This  point  does  not  materially  change  its  position  until 
advanced  life,  generally  at  the  age  of  seventy  or  seventy- 
five  years;  but/,  the  nearest  point  of  distinct  vision,  com- 
mences to  recede  at  an  early  period  of  life.  A  child  ten  years 
of  age  can  ordinarily  place  a  thread  in  the  eye  of  a  cam- 
bric needle  held  two  and  three-quarter  inches  from  the  eye; 
at  the  age  of  fifteen  years,  the  near  point  recedes  to  about 
three  and  a  quarter  inches ;  at  twenty,  the  nearest  point  for 
which  the  eye  can  accommodate,  is  about  three  and  three- 
quarter  inches;  at  twenty-five,  it  is  about  four  and  a  quarter 
inches  distant ;  at  thirty,  it  recedes  to  four  and  a  half  inches  ; 
at  thirty-five,  to  six  and  a  half  inches ;  at  forty  years,  the 
near  point  has  passed  to  about  nine  inches  from  the  eye; 
at  forty-five,  small  print,  to  be  distinctly  seen,  has  to  be  held 
at  about  the  distance  of  twelve  inches  ;  at  fifty,  it  is  about 
eighteen  inches  ;    at  fifty-five,  twenty-two  inches  ;   at  sixty, 
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from  thirty  to  thirty-six  inches;  the  recession  of  the  near 
point  continues  to  increase  until  the  age  of  seventy-five, 
when  the  entire  remaining  powers  of  accommodation  are 
required  to  make  remote  objects  distinctly  seen.  At  eighty, 
there  is  no  distinct  vision  without  the  assistance  of  convex 
glasses.  At  the  age  of  forty-five  years,  emmetropia  begins 
to  give  way  to  hypermetropia ;  the  natural  refractive  powers 
of  the  dioptric  media  slightly  diminish,  and  from  about 
this  period  of  life,  a  part  of  the  accommodation  is  required 
to  adjust  the  eye  for  distinct  vision  of  distant  objects.  The 
acquired  hypermetropia  gradually  increases  until  at  about  the 
age  of  seventy-five,  when,  if  the  ciliary  muscle  be  paralyzed 
with  atropia,  it  usually  requires  a  lens  4-^,  to  see  remote 
objects  distinctly. 

With  the  aid  of  the  accommodation,  remote  objects  are 
still  seen  ;  hence,  the  range  of  accommodation  is  now  reduced 
to  20,  and  emmetropia  has  given  way  to  hypermetropia  of  J^. 
Thus  we  see  that  the  range  of  accommodation  which  in  the 
child    ten   years   of   age,  amounted   to  -j  has  gradually  de- 
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creased  to  ^V  At  the  age  of  eighty  years,  the  total  hyper- 
metropia amounts  to  54 — the  remaining  accommodative 
power  can  no  longer  adjust  the  eye  for  distance ;  the  hyper- 
metropia is  now  absolute. 

The  question  arises,  What  is  the  cause  of  this  gradual  re- 
cession of  the  near  point  from  childhood  to  old  age,  and  after 
middle  age  of  emmetropia  giving  way  to  hypermetropia  ?  Be- 
fore answering  the  question,  we  desire  to  correct  a  very  com- 
mon error,  and  one  which  is  still  taught  in  many  of  the  popu- 
lar treatises  on  optics  which  are  in  use  in  academical  institu- 
tions. It  is  that  the  diminution  in  the  accommodative  power 
in  age  is  owing  to  a  flattening  of  the  cornea.  This  opinion 
was  believed  and  taught  by  physiologists  until  the  investiga- 
tions of  modern  science  proved  its  fallacy.  Accurate  meas- 
urements of  the  convexity  of  the  cornea  made  with  the 
ophthalmometer,  show  that  the  cornea  does  not  flatten  with 
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age,  but  that  if  there  be  any  change  it  becomes  slightly  more 
convex ;  hence,  some  other  cause  must  be  sought  for  to 
explain  the  changes  which  take  place  in  all  eyes,  and  which 
cause  the  near  point  to  gradually  recede  from  childhood,  until 
finally,  emmetropia  gives  place  to  hypermetropia.  It  cannot 
be  from  atrophy  or  diminished  power  of  the  ciliary  muscle, 
because  in  childhood  the  muscular  system  has  not  fully  devel- 
oped ;  all  the  muscles  act  with  more  force,  and  are  capable 
of  greater  endurance,  at  the  age  of  twenty  or  twenty-five  years 
than  in  childhood,  and  yet  at  this  period  of  life,  the  near  point 
of  distinct  vision  has  receded  from  two  and  three-quarters  to 
three  and  three-quarter  inches.  The  true  cause,  then,  must 
be  sought  in  changes  which  take  place  in  the  crystalline  lens. 
In  childhood  this  is  soft,  and  easily  yields  to  action  of  the 
ciliary  muscle  ;  the  line  of  separation  between  its  layers  is 
strongly  marked,  and  each  one  is  a  refractive  surface,  thus 
giving  the  lens  a  higher  refracting  power  than  it  would  have 
if  these  surfaces  were  less  sharply  defined.  In  childhood, 
the  nucleus  of  the  lens  is  firm,  while  the  density  diminishes 
towards  its  periphery.  The  refractive  power  of  the  crystal- 
line, increased  by  the  distinct  line  of  separation  between  its 
layers,  so  marked  in  childhood,  added  to  its  softness  and  elas- 
ticity, particularly  of  its  outer  layers  and  peripheral  portion, 
renders  it  easy  for  the  ciliary  muscle  to  give  a  high  degree 
of  convexity  to  its  surfaces,  and  thus  to  bring  p  very  near 
the  eye.  With  the  advance  of  age,  the  outer  layers  increase 
in  firmness ;  they  gradually  approach  to  the  consistency  of 
the  nucleus,  while  the  laminated  structure  becomes  less  and 
less  distinctly  marked,  both  causes  acting  to  diminish  the  re- 
fractive power  of  the  lens.  Its  increasing  firmness  renders  it 
less  yielding  to  the  action  of  the  muscle  of  accommodation  ; 
consequently,  the  same  degree  of  applied  muscular  force  pro- 
duces less  effect  in  the  firmer  and  more  uniformly  homo- 
geneous crystalline.  In  adult  age,  even  if  the  ciliary  mus- 
cle could  give  the  surfaces  of  the  lens  the  same  degree  of 
convexity  as  in  childhood,  the  near  point  would  still  be  farther 
from  the  eye,  owing  to  the  diminished  refractive  power  of  the 
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lens.  Senile  changes  take  place  in  all  eyes — the  same  in 
myopic  and  hypermetropic  as  in  emmetropic  eyes  ;  but  it  is 
not  so  manifest  in  myopia,  because  here,  with  the  diminution 
of  refraction,  while  the  far  point  recedes  from  the  eye,  there 
is  an  increase  in  distance  at  which  objects  can  be  seen;  the 
lessening  of  the  range  of  accommodation  creates  no  disturb- 
ance to  near  vision,  because  p  remains  at  a  convenient  dis- 
tance from  the  eye,  at  least  in  the  medium  and  higher  grades 
of  near-sightedness,  ordinarily,  for  distinct  vision  of  small 
objects,  until  a  late  period  of  life.  "  Finally,  should  the  ques- 
tion be  proposed,  whether  E  is  the  most  desirable  condition: 
as  concerns  myself,  I  should  give  the  preference  to  a  slight 
degree  of  M,  and  I  shall  subsequently  state  my  reasons  for 
doing  so."  (Donders.)  The  inconvenience  to  youth  from  a 
slight  indistinctness  of  more  remote  objects,  he  thinks,  is 
more  than  compensated  for,  by  the  improved  vision  of  mid- 
dle and  advanced  life.  "  Herein  the  myopic  finds  a  com- 
pensation for  what  he  loses,  with  reference  to  the  vision  of 
remote  objects.  The  advantage  is  not  small.  Up  to  the 
sixtieth,  or  even  the  seventieth  year  of  our  age,  not  to  need 
spectacles,  in  order  to  see  accurately  whatever  comes  imme- 
diately under  our  eyes,  is  a  great  privilege.  This  privilege  be- 
longs to  a  M  of  from  T^  to  j4,in  which  the  eye  is  not  threatened 
with  any  special  dangers.  With  slighter  degrees  of  M  a  good 
deal  of  this  privilege  is  still  enjoyed.  This  is  a  condition 
which  may  well  be  envied  by  emmetropic  eyes.  I  never 
found  a  normal  eye  which  participated  in  the  same  advan- 
tage. Many  persons,  however,  suppose  they  are  so  highly 
privileged.  Almost  daily  it  occurs  that  at  fifty-five  years  of 
age  the  distance  of  p  lies  at  only  from  8"  to  10",  and  spec- 
tacles are  not  thought  of.  Such  people  consider  themselves 
a  lucky  exception.  They  are  extremely  proud  of  their  sharp 
sight.  The  inquiry  whether  they  are  near-sighted  is  an- 
swered in  the  negative,  with  a  smile  of  self-complacency.  At 
a  distance  of  twenty  feet  hang  Snellen's  letter-tests;  XX  and 
XXX  they  do  not  recognize ;  XL  not  at  all,  or  scarcely  ;  L  and 
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LX  are  the  first  which  are  easily  recognizable  to  them.  Not 
until  they  try  glasses  of —  ^  or  —  3'g  do  they  well  distinguish 
XX,  or  at  least  XXX,  with  accurate  contours.  Reluctantly 
they  acknowledge  themselves  beaten."  (Bonders.)  We  have 
given  the  above  extract  because  so  many  persons  are  met 
with  who  read  fine  print  without  convex  glasses  at  fifty  or 
sixty  years  of  age,  and  who  regard  it  as  an  evidence  that 
their  eyes  have  escaped  the  customary  senile  changes.  Such 
persons  were  myopic  in  youth,  although  they  were  probably 
unaware  of  the  fact.  Persons  frequently  discover  that  their 
eyes  are  near-sighted,  by  accidentally  trying  on  a  pair  of  con- 
cave spectacles,  and  are  surprised  to  find  that  distant  vision 
is  greatly  improved.  We  often  hear  the  question  asked,  if 
any  one  can  see  at  a  distance  as  clearly  as  they  do  after 
having  placed  before  their  eyes  a  pair  of  concave  spectacles ; 
a  new  world  seems  opened  to  them.  It  often  occurs  in  the 
practice  of  ophthalmic  surgery,  that  in  ascertaining  the  refrac- 
tive state  of  the  eyes  of  a  patient  by  means  of  the  test- 
types  hanging  twenty  feet  distant,  a  person  sitting  by  ex- 
presses astonishment  that  the  patient  is  able  to  read  No.  XX 
at  twenty  feet.  Ask  him  if  he  is  near-sighted  ;  he  says  no 
— he  can  see  as  far  as  any  one.  Place  him  in  the  chair 
of  the  patient  and  give  him  concave  glasses  of  o1,,  or  3V,  and 
he  reads  the  type  with  ease.  He  learns  for  the  first  time  that 
he  is  near-sighted.  At  fifty-five  or  sixty  years  of  age  he  will 
read  small  print  at  8"  or  10"  from  the  eye  without  the  assist- 
ance of  convex  glasses,  and  had  he  not  accidentally  found 
himself  myopic,  would  have  thought  that  his  eyes  had 
escaped  the  usual  senile  changes. 

As  the  gradual  recession  of  the  near  point  with  the  ad- 
vance of  age  is  caused  by  natural  changes  taking  place  in  all 
eyes,  the  question  arises,  What  point  shall  be  regarded  as  the 
commencement  of  presbyopia?  The  answer  is  purely  arbi- 
trary. Donders  has  made  it  at  8";  and  by  universal  consent, 
when  the  recession  ot />  is  beyond  8",  the  eye  is  regarded  as 
presbyopic,  and  in  measuring  its  degrees,  J  is  made  the  start- 
ing-point, and    in   the  adjustment   of  convex    glasses,  those 
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are  selected  which  brings/  back  to  8/r  from  the  eyes.  For 
illustration,  if  p  be  12  inches,  then,  \  —  T'2  =  the  degree 
of  presbyopia  =05.  A  glass  of  374  placed  before  the  eye 
brings  the  near  point  back  to  |,  and  the  eye  sees  minute  ob- 
jects again  at  8"  distant.  The  term  presbyopia  is  restricted 
to  the  diminution  of  the  range  of  accommodation  caused  by 
recession  of  the  near  point,  resulting  from  senile  changes, 
interfering  with  the  sharpness  of  vision  for  near  small 
objects.  When  a  person  with  emmetropic  eyes  arrives  at 
the  age  of  about  thirty-five  years,  he  seeks,  of  choice,  for 
reading,  print  a  little  larger  than  he  would  have  done  five  or 
ten  years  previously,  and  he  holds  the  book  a  little  farther 
from  the  eyes,  and  seeks  a  stronger  light.  The  difference, 
however,  is  so  slight,  and  the  change  has  been  so  gradual, 
that  it  has  escaped  his  notice.  At  forty,  it  becomes  more 
perceptible ;  he  begins  to  be  conscious  that  he  cannot  see 
small  objects  in  a  dim  light  quite  as  well  as  formerly,  but 
still  he  gets  along  very  well  and  suffers  but  little  inconven- 
ience ;  at  forty-five  he  finds  that  he  has  trouble  in  reading- 
ordinary  sized  print  by  artificial  light.  In  writing,  he  does 
not  keep  accurately  on  the  pale  ruled  lines.  Letters  like  n 
and  u  are  not  sharply  defined ;  he  throws  the  head  back  and 
holds  the  book  at  arm's  length.  The  visual  angle  under  which 
the  letters  are  seen  is  greatly  diminished;  consequently,  the 
retinal  images  are  smaller,  impressing  fewer  of  the  rods  and 
cones  of  the  retina;  he  seeks  a  very  strong  light,  not  so 
much  to  increase  the  brightness  of  the  retinal  image,  as  to 
contract  the  pupil  and  shut  out  the  peripheral  rays,  that  now 
produce  greater  spherical  aberration,  owing  to  the  fact  that 
the  density  of  the  peripheral  portion  of  the  lens  has  more 
nearly  approximated  that  of  its  nucleus.  We  know  that  in 
glass  lenses  all  parts  are  of  uniform  density,  and  that  the 
spherical  aberration  is  so  great  that  only  the  more  central 
rays  are  united  in  a  focus,  the  circumferential  rays  meeting 
at  a  shorter  distance  on  its  axis ;  hence,  in  the  construction 
of  optical  instruments,  a  diaphragm  having  a  central  perfora- 
tion is  interposed  to  shut  out  the  peripheral  rays  which  would 
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form  circles  of  diffusion,  and  thus  disturb  the  sharpness  of 
the  image.  In  childhood  and  youth,  the  crystalline  lens 
diminishes  in  density  from  its  centre  to  its  circumference  • 
consequently,  the  peripheral  rays  are  less  refracted  than  they 
would  be  if  all  parts  of  the  lens  were  of  a  uniform  density. 
Hence,  the  circumferential  are  united  at  nearly  the  same 
point  as  the  central  rays  ;  consequently,  the  child  can  have 
a  very  large  pupil,  and  the  peripheral  rays  still  be  united  in 
the  focus  of  the  central  ones.  With  the  increase  of  the 
density  of  the  outer  layers  and  decrease  in  the  distinctness 
of  the  laminated  structure,  the  focus  is  thrown  farther  back- 
wards, and  the  spherical  aberration  is  increased :  the  former 
is  overcome  by  holding  the  object  at  a  greater  distance;  the 
latter,  by  exposing  the  eye  to  a  strong  light,  so  as  to  con- 
tract the  pupil,  and  thus  shut  out  the  more  peripheral  rays. 
In  good  daylight  the  presbyope  still  sees  very  well,  but  he 
instinctively  avoids  very  small  print.  In  the  course  of  a  few 
months,  however,  he  has  trouble  even  in  the  daytime  in 
distinctly  seeing  small  objects,  and  the  effort  becomes  pain- 
ful. He  is  now  conscious,  and  willing  to  admit,  that  his  eyes 
are  failing  him.  He  has  well-marked  presbyopia.  We  use 
the  term  willing  to  admit,  because  a  great  many  persons 
take  a  pride  in  boasting  that  they  have  arrived  at  middle-age 
and  still  have  undiminished  acuteness  of  vision ;  they  per- 
suade themselves  into  the  belief  that  their  bodily  vigor  is 
so  great  that  senile  changes  cannot  affect  them,  and  only 
acknowledge  their  mistaken  views  when  actually  compelled 
to  do  so,  by  being  no  longer  able  to  read,  write,  or  do  fine 
work  with  the  unassisted  eyes.  From  this  time  the  indis- 
tinctness of  vision  of  small  objects  rapidly  increases,  and  in 
the  course  of  four  or  five  years,  distant  vision  is  not  quite 
as  good  as  in  earlier  life;  the  crystalline  lens,  in  addition 
to  its  increased  firmness  and  more  uniform  consistency, 
becomes  flatter;  the  focus  of  parallel  rays  during  rest  of 
accommodation  falls  behind  the  retina ;  emmetropia  has 
given  place  to  acquired  hypermetropia  ;  vision,  however,  still 
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remains  sufficiently  good  for  distance,  so  that  any  deficiency 
is  scarcely  noticed  ;  but  if,  by  chance,  the  person  puts  on  very 
weak  convex  glasses,  as  1X2}  for  instance,  he  finds  the  details 
of  the  images  of  distant  objects  more  distinct,  and  the  con- 
tours a  little  more  sharply  defined. 

Presbyopia,  in  the  naturally  hypermetropic  eye,  commences 
at  an  earlier  period  of  life,  and  is  usually  accompanied  by 
symptoms  of  muscular  fatigue,  and  nervous  and  vascular 
irritation.     (Accommodative  Asthenopia.) 

Presbyopia  may  also  occur  in  the  myopic  or  near-sighted 
eye,  if  the  myopia  be  not  of  too  high  a  grade;  for  if  the  near 
point  recedes  from  the  eye  farther  than  8",  according  to  the 
established  rule,  it  becomes  presbyopic,  and  late  in  life,  when 
the  range  of  accommodation  is  greatly  diminished,  convex 
glasses  may  be  required  for  reading  and  concave  for  distance. 

Treatment  of  Presbyopia. 

Were  it  not  for  convex  glasses,  persons  after  middle  life 
would  have  to  abandon  occupations  requiring  sharp  vision 
of  small  objects,  and  for  reading,  books  would  have  to  be 
printed  in  large  letters,  of  a  size  proportional  to  the  grade  of 
the  presbyopia.  Fortunately,  we  have  the  means  of  neutraliz- 
ing the  defects  in  the  eyes,  caused  by  senile  changes,  thus 
rendering  near  vision  of  small  objects  easy,  and  sufficiently 
sharp  for  practical  purposes,  until  a  very  advanced  period 
of  life.  This  is  accomplished  by  means  of  convex  glasses, 
and  the  principles  on  which  they  act  have  already  been  ex- 
plained; they  bring  the  near  point  back  to  a  convenient 
distance  from  the  eye,  and  in  absolute  hypermetropia  they 
move  the  focus  of  the  dioptric  apparatus  forward,  so  that  the 
image  is  again  formed  on  the  retina,  and  in  old  age  they  are 
used  of  sufficient  strength  to  magnify  the  image  so  that  it 
covers  a  larger  nerve  surface,  and  thus  impresses  a  greater 
number  of  rods  and  cones,  so  as  in  some  degree  to  make  up 
for  the  blunted  sensibility. 

In  adjusting  glasses  to  the  presbyopic  eye,  several  points 
must  be  borne  in  mind. 
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1st.  Owing  to  the  increase  in  the  amount  of  accommodation, 
gained  by  convergence  of  the  visual  axes,  the  binocular  near 
point  (p2)  is  nearer  the  eyes  than  the  monocular/),  without 

convergence;    here  7-=:= — 5-    is    a    greater    quantity   than 
2       2        2 

-=  5-  —  -,  and  glasses  that  would  be  suited  to  a  single  eye, 
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are  too  strong  for  the  eyes  in  binocular  vision. 

2d.  The  intimate  normal  relative  associations  existing 
between  accommodation  and  convergence  cannot  be  suddenly 
changed  without  producing  disturbances  to  vision,  which 
seriously  interfere  with  the  functions  of  the  eyes,  as  is  mani- 
fested by  nervous  and  vascular  irritation.  This  is  one  of 
the  chief  causes  of  the  increased  sensitiveness  to  strong  light, 
ciliary  and  conjunctival  hyperaemia,  etc.,  induced  by  wearing 
glasses  of  too  high  a  refractive  power. 

3d.  That  the  object  of  convex  glasses  is  not  to  magnify 
the  retinal  images, —  exept  in  extreme  old  age, —  but  to  bring 
the  near  point  of  distinct  vision  to  a  convenient  distance  from 
the  eyes,  and  to  make  objects  appear  distinct,  and  as  nearly  as 
possible  of  the  size  they  were  before  the  eyes  were  presbyopic. 
They  simply  supply  the  loss  in  power  of  accommodation  and 
refraction,  and  when  that  loss  is  made  up,  the  object  for  which 
the  glasses  are  used  is  fully  accomplished  ;  any  attempt  to  go 
beyond  this  produces  injurious  results.  As  the  result  of  ex- 
perience and  observations  extending  over  a  period  of  thirty 
years,  we  are  satisfied  that  most  presbyopic  persons  who  have 
worn  convex  spectacles,  have  seriously  injured  their  eyes  by 
the  use  of  too  strong  glasses  at  first ;  this  has  created  the 
necessity  for  changing  them  soon  and  often,  for  those  of 
stronger  power. 

The  habitual  use  of  glasses  too  strong  in  the  commence- 
ment of  presbyopia  is  a  most  powerful  factor  in  inducing  rapid 
senile  changes  in  the  lens  and  muscles  of  accommodation. 
The  ciliary  muscles  are  relaxed,  and  only  required  to  contract 
to  a  certain  point ;  they  soon  become  enfeebled,  and  lose  the 
power  to  act  beyond  their  accustomed  tension  ;  this  state  of 
tension  soon  indicates  their  maximum  strength,  which  cannot 
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long  be  maintained  ;  hence,  lenses  of  higher  power  must  be 
substituted  to  relieve  the  strained  accommodation. 

Now,  this  substitution  of  convex  lenses  for  accommodation 
from  muscular  power  has  a  direct  influence  in  increasing, 
beyond  the  natural  senile  changes,  the  firmness  and  solidity 
of  the  crystalline  lens.  The  latter  is  of  an  elastic,  jelly-like 
consistency,  that  is  constantly  changing  its  shape  as  it  is 
acted  upon  by  opposing  forces.  In  children  it  is  quite  soft 
and  supple,  but  its  firmness  increases  with  advancing  age,  so 
as  to  require  additional  force  to  produce  the  same  amount 
of  change  in  its  curvatures ;  the  necessity  for  these  changes 
is  lessened  just  in  proportion  to  the  strength  of  glasses 
used ;  consequently,  as  the  motions  of  its  particles  on  each 
other  are  proportionally  diminished,  they  lose  their  supple- 
ness, become  firm,  and  offer  increased  resistance  to  the  already 
enfeebled  accommodation.  The  result  is,  that  strong  glasses 
weaken  the  muscle  of  accommodation  by  diminishing  the  ne- 
cessity for  its  action ;  this  produces  an  increased  firmness  of 
the  lens  by  lessening  the  motion  of  its  particles  on  each  other, 
and  this  in  its  turn  reacts  on  the  muscle,  by  demanding  in- 
creased action  from  its  already  weakened  fibres. 

Both  of  these  factors,  acting  and  reacting  on  each  other, 
cause  a  rapid  increase  of  the  presbyopia  and  the  early  com- 
mencement of  acquired  hypermetropia.  Now  the  question 
arises,  What  is  ordinarily  the  proper  focus  of  convex  glasses 
suited  to  one  who  first  notices  difficulty  in  seeing  small  objects 
distinctly  in  dimly  lighted  apartments  or  by  artificial  light  ? 

If  the  test  be  made  in  good  daylight,  he  still  can  easily 
read  letters  printed  from  pearl  type  (No.  I,  Snellen  test- 
letters)  at  8"  distant,  hence,  we  might  conclude  that  presby- 
opia had  not  yet  commenced ;  but  if  artificial  light  be  sub- 
stituted for  daylight,  the  print  will  be  held  at  9"  or  10" 
as  the  nearest  point  at  which  it  can  be  read.  If  at  g" ',  then 
£  —  I  =  7V  If  glasses  of  72  inches  focus  be  placed  before 
the  eyes,  in  a  great  majority  of  cases,  the  print  will  be  dis- 
tinctly seen  at  8"  and  at  12"  or  14",  the  distance  at  which 
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print  is  ordinarily  held  in  reading,  and  the  letters  will  appear 
sharply  defined,  black,  and  distinct.  It  is  seldom,  however, 
that  print  from  type  so  small  is  found  in  general  use.  We  have 
in  many  hundreds  of  cases  prescribed  glasses  of  J2n  focus  in 
the  first  stages  of  presbyopia,  and  have  rarely  failed  to  find 
that  they  produce  all  the  effect  that  can  be  desired,  and  give 
perfect  satisfaction  for  at  least  one  or  two  years.  In  1848, 
M.  Sichel,  an  eminent  ophthalmic  surgeon  of  Paris,  published 
a  work  entitled  "  Spectacles,  their  Uses  and  Abuses,"  in 
which  he  strongly  advocated  the  use  of  low  numbers  of 
glasses  in  commencing  presbyopia  ;  and  although  much  less 
was  then  known  of  the  causes  of  the  diminution  of  refraction 
and  accommodation  from  senile  changes  than  at  the  present 
time,  yet  his  opinions  are  valuable,  because  they  resulted 
from  practical  experience.     He  says  : 

"  Generally  speaking,  opticians  commence  with  too  power- 
ful numbers,  and  augment  too  rapidly  their  refractive  force. 
Ten  years  ago  they  nearly  always  took  No.  48  as  their 
starting  point,  and  patients  were  soon  forced  to  descend  to 
Nos.  36  and  24.  The  result  was,  that  it  was  common  to  see 
persons  between  the  age  of  fifty  and  sixty  years  making  use 
of  glasses  between  Nos.  12  and  8,  and  complaining,  as  we 
shall  soon  explain,  that  even  then  they  saw  but  dimly,  and 
that  their  sight  declined  from  day  to  day.  .  .  .  From  the 
results  of  my  observations,  I  have  taken  No.  72  as  a  point  of 
departure ;  which  number,  in  general,  is  suitable  for  those  who 
have  not  yet  begun  to  use  spectacles,  and  who  assume  them 
at  the  opportune  moment,  that  is,  at  the  age  of  forty  or  a  little 
later.  Often,  however,  especially  for  those  below  forty,  Nos. 
80  and  96  are  entirely  sufficient  during  a  long  time.  At  first 
the  opticians  of  Paris  deemed  the  use  of  too  feeble  glasses 
singular,  and  even  ridiculous,  regarding  them  as  almost  with- 
out force.  .  .  .  Little  by  little,  they  have  seen  this  practice 
sanctioned  by  its  results.  .  .  .  The  method  of  beginning 
by  the  highest  numbers  has  now  been  generally  adopted,  and 
I  see  persons  every  day  to  whom  the  opticians  have  recom- 
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mended  the  use  of  convex  glasses  No.  72,  and  who  have  been 
perfectly  satisfied  with  those  during  several  years.  It  is  an 
error  to  assert  that  it  is  absolutely  necessary  to  change  them 
(the  spectacles)  from  time  to  time.  On  the  contrary,  it  is  best 
to  change  them  as  rarely  as  possible ;  and  not  at  all,  if  a  ne- 
cessity for  doing  so  is  not  felt.  It  is  only  through  commencing 
by  too  powerful  numbers,  and  neglecting  hygienic  rules,  that 
the  necessity  is  created  for  changing  soon  and  often." 

After  No.  72  spectacles  have  been  worn  for  night-reading 
for  one  or  two  years,  need  is  felt  for  a  stronger  pair,  and  No. 
60  may  be  substituted.  Now,  vision  of  small  objects  begins 
to  be  a  little  indistinct  in  the  daytime,  and  the  former  night- 
glasses  will  be  needed  for  day  vision  ;  with  them  small  let- 
ters are  distinctly  and  sharply  seen.  After  about  a  year, 
No.  48  will  be  needed  by  artificial  light,  and  then  No.  60  will 
answer  for  day  vision.  As  the  degree  of  presbyopia  increases 
these  must  be  changed  to  No.  36  for  night,  and  No.  48  will 
answer  in  good  daylight.  The  change  must  not  be  made 
until  an  actual  need  is  felt  for  doing  so.  Since  the  almost 
universal  use  of  gas  and  petroleum-lights,  the  necessity  for 
strong  night-glasses  is  much  less  than  in  times  past,  when 
tallow,  or  even  sperm  candles  were  the  chief  sources  of  arti- 
ficial illumination.  All  presbyopic  persons  who  desire  to 
keep  their  eyes  in  the  most  perfect  state  of  preservation  pos- 
sible consistent  with  the  inevitable  senile  changes,  should 
have  two  pairs  of  spectacles  —  a  stronger  pair  for  night  and  a 
weaker  pair  for  day  use,  and  when  a  stronger  pair  is  de- 
manded for  artificial  light,  the  former  night-glass  may  be  sub- 
stituted for  daylight.  Donders,  who  is  the  highest  authority 
on  this  subject,  says  :  "  In  general,  it  should  be  observed,  that 
it  is  desirable  to  ascend  but  slowly  with  the  numbers,  to  use 
the  first  spectacles  in  the  beginning,  only  in  the  evening,  and 
to  keep  these  for  day  spectacles,  so  soon  as  stronger  glasses 
are  required  for  the  evening,  and  thus  every  time  that  the 
stronger  glasses  are  required,  to  continue  using  the  former 
evening   spectacles    as    day   spectacles ;    finally,   that,  while 
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stronger  glasses  are  necessary  for  reading,  the  weaker  are 
often  sufficient  for  writing,  and  are  to  be  preferred,  since  the 
person  wearing  them,  being  enabled  to  see  at  a  greater  dis- 
tance, can  avoid  the  bent  position,  which  is  so  injurious  to 
the  eyes." 

It  has  often  been  attempted  to  adapt  convex  glasses  to  the 
eyes  according  to  the  age  of  the  presbyope,  but  the  indi- 
vidual differences  in  the  state  of  refraction  and  accommoda- 
tion at  specified  periods  of  life,  are  too  great  for  such  a  rule 
to  have  any  but  an  approximate  value ;  hence,  the  method  is 
empirical,  and  cannot  be  relied  upon.  If,  however,  persons 
have  originally  emmetropic  eyes,  with  good  general  health, 
and  no  symptoms  of  premature  old  age,  the  following  table, 
prepared  by  Donders,  will  in  most  cases  be  found  to  approxi- 
mate the  results  obtained  by  actual  scientific  tests  in  each 
individual  case.  He  commences  at  forty-eight  years  of  age. 
We  have  added  the  first  line,  thus  beginning  at  forty-five,  for 
which  glasses  of  -^  will  generally  be  found  desirable. 

If  much  stronger  glasses  than  the  above 
are  necessary  for  the  specified  age,  hyper- 
metropia  must  be  suspected  ;  indeed,  it  is 
well  in  all  cases  of  presbyopia  that  apply  for 
the  adjustment  of  glasses  to  test  the  eye  for 
hypermetropia;  it  occupies  only  a  minute 
or  two  of  time,  and  we  have  the  satisfaction 
of  knowing  the  natural  refractive  state  of 
the  dioptric  media.  The  patient  is  directed 
to  look  at  No.  XX,  Snellen's  test-types, 
hanging  on  the  wall,  at  20'  distant.  If 
he  sees  the  letters  distinctly,  then  place  Ai 
6*0.  A,  m»  or  those  still  stronger,  successively 
before  the  eyes;  if  he  reads  the  letters  equally  well  with  as 
without  them,  he  has  hypermetropia,  and  the  strongest  glass 
with  which  he  sees  the  letters  distinctly  indicates  its  mani- 
fest grade  ;  this  must  be  first  neutralized  ;  probably  no  other 
glasses  may  be  needed  for  reading,  but  if  he  cannot  easily 
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do  so  for  a  length  of  time  at  8",  additional  strength  should 
be  given  the  glasses  to  neutralize  his  presbyopia.  If  he  be 
past  fifty-five  or  sixty,  and  still  reads  fine  print  without 
glasses,  or  with  4V  or  35,  he  has  a  low  grade  of  myopia,  and 
he  cannot  make  out  No.  XX  at  20'.  Hence,  if  there  be  much 
variation  from  the  Nos.  of  spectacles  required  for  the  ages 
specified  in  the  table,  there  is  ametropia.  After  the  sixty- 
fifth  or  seventieth  year  we  always  expect  a  high  grade  of 
acquired  hypermetropia  in  the  originally  emmetropic  eyes, 
and  then  convex  glasses  are  required  for  distant  vision.  In 
such  cases  the  glasses  a  double  foyer,  a  description  of  which 
is  given  on  page  99,  will  be  found  very  convenient.  By 
simply  elevating  the  eyes,  the  spectacles  are  adjusted  for  dis- 
tant vision ;  turning  the  eyes  downwards,  they  see  through 
the  glasses  necessary  for  near  vision.  After  an  exhausting 
illness,  young  persons  —  particularly  females  —  have  a  diffi- 
culty in  keeping  up  for  a  length  of  time  the  adjustment  of 
the  eyes  necessary  for  reading  or  doing  fine  work.  In  such 
cases  the  ciliary  muscles,  partaking  of  the  general  muscular 
debility,  are  unable  to  meet  the  demands  made  on  them,  and 
glasses  ^2  will  be  found  of  temporary  benefit. 

There  is  a  very  prevalent  opinion  that  constant  use  of  the 
eyes  in  looking  at  small  objects  is  injurious  to  them.  M  Those 
who  are  occupied  almost  the  whole  day  in  reading,  writing, 
or  other  close  work,  usually  accompany  their  demand  for 
spectacles,  with  the  observation  that  their  eyes  have  suffered 
much,  but  that  they  have  also  exacted  a  great  deal  from 
them.  I  hasten  to  set  such  people  right.  Comparative  ob- 
servation has  shown  me  that  much  close  work  does  not 
essentially  injure  the  eyes,  at  least  those  that  are  emmetropic, 
and  that  the  range  of  accommodation  diminishes  scarcely,  if 
at  all,  more  rapidly  under  such  circumstances,  than  it  does 
in  agriculturists,  sailors,  and  others  who  for  the  most  part 
look  to  distant  objects."  (Bonders.)  In  the  adaptation  of 
spectacles  to  presbyopic  eyes,  the  rules  given  under  the  head 
of  spectacles  should  be  strictly  followed,  particularly  for  the 
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stronger  numbers  ;  and,  as  in  presbyopia  glasses  are  required 
for  near  vision  when  there  is  a  convergence  of  the  visual 
axes,  the  mutual  distance  of  the  glasses  should  be  less  than 
those  worn  for  distant  vision. 

In  all  theoretical  calculations,  the  eye  is  considered  sim- 
ply as  a  dioptrical  apparatus  ;  to  render  these  results  practi- 
cal, the  associations  existing  between  the  ciliary  and  internal 
recti  muscles  must  be  taken  into  consideration.  Glasses  which 
would,  theoretically,  neutralize  the  errors  of  refraction,  are 
usually  too  strong;  "  they  compel  the  muscle  of  accommo- 
dation to  a  relaxation  greater  than  corresponds  to  the  devel- 
oped circumstances  of  association." 

A  person  in  making  trials  for  the  selection  of  proper  spec- 
tacles, without  the  assistance  of  the  ophthalmic  surgeon, 
should  always  begin  with  those  which  are  a  little  too  weak, 
and  increase  the  numbers  until  he  finds  a  pair  that  makes 
the  letters  at  10",  or  12",  look  clear,  distinct,  sharply  defined, 
and  of  the  natural  size  —  as  near  as  possible  as  they  looked 
before  his  eyes  were  presbyopic.  If  he  makes  trial  at  first 
of  those  that  magnify  too  much,  it  interferes  with  his  judg- 
ment;  the  objects  look  unnaturally  large,  bright,  and  dis- 
tinct ;  when  the  really  suitable  glasses  are  found,  he  compares 
the  impression  they  produce  with  those  of  the  stronger  ones, 
and  is  dissatisfied  with  them. 

Empirics  often  take  advantage  of  this,  and  select  strong 
glasses  for  their  patrons,  who,  finding  that  objects  appear 
unnaturally  clear  and  bright,  imagine  that  it  is  owing  to  some 
peculiar  quality  in  the  material,  or  to  the  manner  in  which 
the  lenses  are  made,  and  are  ready  to  testify  to  the  wonder- 
ful skill  of  the  maker  or  vender.  After  using  them,  however, 
they  find  the  eyes  become  painful,  sensitive  to  light,  inflamed, 
and  the  glasses  have  to  be  laid  aside. 

Many  are  prejudiced  against  glasses,  and  decline  to  wear 
them  when  their  use  is  imperatively  demanded.  This  is 
wrong ;  in  attempting  to  look  at  small  objects,  they  strain 
the  muscles  of  accommodation  by  requiring  them  to  act 
beyond  their  strength. 


l86  OPTICAL    DEFECTS. 

To  preserve  the  sight  unimpaired  the  longest  possible 
time,  it  is  requisite,  as  soon  as  it  begins  to  fail,  to  select  the 
weakest  glasses  that  will  make  near  vision  easy ;  and  as  the 
failure  at  first  is  barely  perceptible,  very  slight  assistance 
is  needed,  and  spectacles,  No.  72,  is  all  that  is  required. 
On  first  adjusting  the  eye  for  reading,  should  the  print  seem 
a  little  indistinct  if  it  be  carried  off  at  arm's  length  and  then 
brought  near  the  eye,  and  this  repeated  three  or  four  times, 
then  at  the  normal  distance  the  print  can  be  easily  read  with- 
out fatigue.  This  action  accounts  for  the  temporary  increase 
in  the  power  of  the  eye  to  adjust  itself  for  the  near  point, 
sometimes  seen  after  the  use  of  the  so-called  "eye-cups"  and 
"  sight- restorers,"  so  extensively  advertised  by  empirics,  the 
action  of  which  is  to  lessen  the  transverse  diameter  of  the 
eyeball,  and  thus  by  pressure  on  the  equator  of  the  lens, 
forcibly  to  loosen  the  particles  of  the  latter,  which  have  been 
rendered  too  firm  by  senile  changes.  The  lens  is  thus  tem- 
porarily made  more  supple  and  yielding,  so  that  it  opposes 
less  resistance  to  the  action  of  the  ciliary  muscle. 
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The  error  of  refraction  now  known  by  the  name  of  hyper- 
metropia, —  previously  mentioned  by  Ware  and  Stellwag, — 
was  first  described,  and  the  knowledge  reduced  to  scientific 
accuracy,  by  Donders,  in  1848,  and  was  one  of  the  grand 
results  of  that  careful  and  systematic  investigation  which  has 
characterized  the  labors  of  many  of  the  great  minds  of  the 
age.  Some  of  the  previously  obscure  affections  of  the  eyes, 
regarded  as  having  their  origin  in  the  nervous  structures,  are 
now  known  to  be  caused  by  this  error  of  refraction,  or,  to 
speak  more  correctly,  by  an  abnormal  form  of  the  globe,  in 
which  it  is  shortened  in  its  antero-posterior  diameter.  It 
must  be  borne  in  mind  that  in  emmetropia,  the  eye,  when  the 
accommodation  is  absolutely  at  rest,  is  adjusted  for  parallel 
rays,  so  that  sharply-defined  images  of  distant  objects  are 
formed  on  the  layer  of  rods  and  cones.  The  entire  accom- 
modative power  is  then  free  for  the  adjustment  of  the  dioptric 
media  for  divergent  rays  emanating  from  near  objects.  In 
hypermetropia,  on  the  contrary,  the  eye,  at  rest,  is  adjusted  for 
rays  converging  to  a  point  situated  from  a  few  inches  to  a  few 
feet  behind  the  retina.  All  rays  of  light  are  naturally  either 
parallel  or  divergent,  hence,  the  hypermetropic  structure  of  the 
eye  is  adapted  to  a  condition  which  does  not  exist  in  nature. 
In  emmetropia  the  far  point  of  distinct  vision  (r),  is  infinitely 
remote ;  in  hypermetropia  r  is  removed  from  an  infinite  to  a 
negative  distance,  hence,  in  the  latter  formation  of  the  eye, 
when  it  is  at  rest,  there  is  no  distinct  vision,  because  the 
retinal  images  are  formed  by  rays  of  light  before  they  are 
united  in  a  focus  ;  each  point  of  the  image  is  surrounded  by 
diffusion  circles,  and  those  from  different  points  overlap  each 
other.  Any  one  having  a  convex  lens,  of,  for  example,  two 
or  three  inches  focal  length,  can  easily  see  the  effects  on 
images  of  objects,  when  the  screen  on  which  they  are  formed 
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is  nearer  than  the  focal  distance  of  the  lens.  If  light  be  per- 
mitted to  enter  a  room  by  a  single  window  and  fall  on  the 
lens,  and  a  sheet  of  white  paper  be  held  in  the  focus  of  the 
former,  sharply  defined  miniature  images  of  distant  objects, 
as  trees,  houses,  etc.,  will  be  formed  on  the  paper;  every  leaf 
and  branch  of  a  tree,  or  the  windows  and  other  parts  of  a 
house,  will  be  sharply  depicted.  These  are  exact  representa- 
tions of  images  formed  on  the  sensitive  elements  of  the  retina 
in  emmetropic  eyes  at  rest.  If,  now,  the  paper  be  gradually 
moved  nearer  to  the  lens,  the  images  grow  less  and  less  dis- 
tinct. The  outlines  of  objects  may  still  be  made  out,  but  all 
of  the  fine  details  are  wanting;  if  the  screen  be  brought  still 
nearer,  even  the  outlines  of  large  objects  disappear.  The 
latter  parts  of  the  experiment  show  the  condition  of  retinal 
images  in  hypermetropic  eyes.  If  a  lens  of  three  inches  focal 
length  be  employed,  and  the  paper  be  held  two  inches  from 
it,  the  images  of  objects  are  very  indistinctly  defined.  If, 
now,  a  convex  lens  of  |  be  placed  before  the  former,  an 
almost  magical  effect  is  produced,  the  images  instantly  become 
perfectly  defined  in  all  of  their  minute  shades  of  detail.  Any 
one,  after  witnessing  the  above-mentioned  results,  can  readily 
appreciate  the  effect  of  convex  glasses  placed  before  hyper- 
metropic eyes  ;  they  are  at  once  rendered  emmetropic,  and 
sharply  defined  images  are  formed  in  the  retina.  If  the  stu- 
dent with  emmetropic  eyes  desires  to  practically  experience 
the  difficulties  under  which  the  hypermetrope  constantly 
labors,  he  has  only  to  render  his  own  eyes  hypermetropic,  by 
placing  before  them  concave  glasses ;  if  he  begins  with  weak 
numbers,  and  successively  changes  them  for  those  of  higher 
powers,  he  will  find  that  at  first  he  can  neutralize  the  effects 
of  the  negative  glasses,  by  tension  of  the  accommodation,  but 
this  becomes  more  and  more  difficult  to  accomplish,  until 
finally,  the  maximum  tension  of  the  ciliary  muscles  is  required 
to  distinctly  see  distant  objects  ;  the  entire  power  of  accommo- 
dation is  now  exhausted,  and  if  concave  glasses  of  increased 
strength   be   used,  he  will   no   longer  have   distinct  vision; 
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he  has  now  absolute  hypermetropia ;  convex  lenses  placed 
before  the  concave  ones,  of  sufficient  refractive  power  to  bring 
the  focus  of  parallel  rays  from  remote  objects  within  the 
range  of  accommodation,  again  restore  distinct  vision. 

Hypermetropia  (H.)  is  divided  into  acquired  and  original. 
In  the  acquired  form,  the  eye  is  originally  emmetropic,  but 
owing  to  senile  changes  causing  a  diminution  in  the  refrac- 
tive state  of  the  dioptric  media,  the  focus  of  parallel  rays  falls 
behind  the  retina,  and  it  continues  to  recede  with  the  advance 
of  age.  This  condition  has  been  described  on  page  172.  Orig- 
inal H.  is  either  congenital  or  developed  at  a  very  early  age, 
by  the  arrest  of  development  of  the  globe  in  its  anteropos- 
terior diameter.  Original  H.  is  divided  into  manifest  (Hm.) 
and  latent  (HI.).  The  hypermetropic  eye,  in  order  to  distinctly 
see  remote  objects,  must  be  rendered  emmetropic,  so  that 
parallel  rays  may  be  united  in  a  focus  in  the  retina.  This  is 
effected,  when  the  grade  is  not  too  high,  by  means  of  the 
accommodation,  so  that  while  in  E.  the  eye  in  distant  vision 
remains  passive,  in  H.  it  is  always  active;  a  part  of  7-,  being 
used  to  render  the  eye  emmetropic,  there  is  a  corresponding 
amount  of  deficiency  in  the  power  of  adjustment  for  near 
vision ;  for  example,  suppose  in  the  hypermetropic  eye  -r  =  ~ 
and  the  degree  of  H.  equals  £,  one-half  of  the  former  quan- 
tity;  or  i  is  required  to  adjust  the  dioptric  media  for  parallel 
rays ;  then  |  —  J  =  |  =  the  available  power  of  accommoda- 
tion for  divergent  rays  emanating  from  near  objects,  and  p.t 
which,  in  the  emmetropic  eye,  would  be  4"  distant,  is  re- 
moved to  8";  but,  as  this  state  of  adjustment  requires  the 
maximum  tension  of  accommodation,  which  cannot  be  long 
maintained  without  producing  nervous  exhaustion  of  the 
ciliary  muscles  from  over-straining,  the  near  point  very 
soon  recedes  still  farther  from  the  eye;  if  the  objects  looked 
at  be  small  letters,  although  at  first  they  are  sharply  seen, 
their  borders  soon  widen  out,  grow  indistinct,  and  the  print 
has  to  be  removed  farther  and  farther  from  the  eyes,  until 
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finally  the  visual  angle  under  which  the  letters  are  seen  be- 
comes so  small  that  they  cannot  be  defined.  It  would  be  the- 
oretically correct  to  place  before  hypermetropic  eyes,  convex 
glasses  which  completely  neutralize  the  errors  of  refraction, 
by  giving  parallel  rays  the  degree  of  convergence  for  which 
the  refractive  media  are  adapted,  and  thus  obviate  the  necessity 
for  calling  into  action  any  part  of  the  accommodation  for 
vision  of  remote  objects,  so  as  to  leave  the  entire  t  free  for 
the  necessary  adjustment  of  the  eyes  for  divergent  rays 
emanating  from  small  objects  when  held  near  the  eye.  Prac- 
tically, this  is  not  found  to  answer  —  at  least  not  until  after 
long  continued  practice.  The  hypermetrope  has  always  been 
accustomed  to  associate  with  vision,  muscular  action,  and  the 
habit  thus  acquired  he  is  unable  to  voluntarily  overcome, 
even  when  the  errors  of  refraction  are  completely  neutralized ; 
hence,  the  strongest  convex  glasses,  with  which  he  sees 
equally  as  well  as  without,  do  not  represent  the  total  H. ; 
a  part,  equal  to  the  degree  of  involuntary  contraction  of 
the  ciliary  muscles,  remains  suppressed  or  latent ;  hence,  to 
ascertain  the  total  hypermetropia  (Ht.),  it  is  necessary  to  add 
the  latent  part  to  the  manifest ;  thus,  Hm.  -f  HI.  =  Ht.  To 
illustrate :  A  patient  with  hypermetropic  eyes  is  requested  to 
read  the  letters  No.  XX  Snellen's  test-types  at  20';  he  does 
so  easily ;  he  reads  them  equally  as  well  with  glasses  of  ^V 
placed  before  his  eyes,  but  those  of  yg  render  the  letters  indis- 
tinct. His  Hm.  =  J-v.  If  a  strong  solution  of  atropia  —  six  or 
eight  grains  to  the  ounce  of  distilled  water — be  dropped  into  the 
eyes  two  or  three  times,  at  intervals  often  minutes,  his  accom- 
modation soon  becomes  completely  paralyzed ;  then,  if  the 
glasses  of  2V»  which  equals  his  Hm.,  be  again  placed  before  his 
eyes,  he  is  unable  to  read  No.  XX,  and  to  do  so,  additional 
lenses  of  ^o  are  required ;  hence,  the  suppressed  part  of  his 
H.  =  2V  J  and  20  +  iV  —  To  =  Ht.  The  Hm.  is  equal  to  the 
amount  of  relaxation  of  which  the  ciliary  muscles  are  capa- 
ble when  using  the  strongest  convex  glasses,  through  which 
distant  vision  is  equally  good  with  as  without  them,  and  the 
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focal  length  of  the  glasses  measures  its  degree.  It  is  often 
the  case  that  a  tolerably  high  degree  of  H.  exists  in  the 
eyes  of  children  and  young  persons,  and  yet  it  is  entirely 
suppressed,  and  can  only  be  detected  by  paralyzing  the 
accommodation  ;  then,  Hm.  =  o  and  HI.  =  Ht.  Usually,  at 
the  age  of  eighteen  or  twenty  years,  Hm.  appears,  and  in- 
creases with  advancing  years,  while  the  HI.  diminishes,  until 
finally  it  entirely  disappears  and  gives  place  to  Hm. 

Donders  divides  Hm.  into  facultative y  relative,  and  absolute. 
The  former  term  applies  to  those  cases  of  H.  in  which 
objects  infinitely  remote,  can  be  distinctly  seen  both  with 
and  without  convex  glasses,  or  with  the  assistance  of  the 
accommodation.  When  the  natural  refractive  state  of  the 
dioptric  media,  aided  by  the  entire  accommodative  power, 
fails  to  bring  parallel  rays  to  a  focus  in  the  retina,  distant 
vision  can  again  be  made  positive  by  convergence  of  the 
visual  axes.  Relative  H.  represents  the  additional  refractive 
power  gained  by  convergence.  Relative  succeeds  facultative 
H.,  but  binocular  must  give  place  to  monocular  vision,  which 
alone  can  be  acute,  because  the  visual  lines  of  both  eyes 
cannot  be  directed  to  the  same  point.  When  the  accommo- 
dation, aided  by  the  strongest  possible  convergence  of  the 
visual  lines,  is  inadequate  to  bring  parallel  rays  to  a  focus  in 
the  retina,  the  H.  becomes  absolute ;  there  is  no  longer  dis- 
tinct vision  without  the  aid  of  positive  glasses  to  render  rays 
of  light  convergent  before  they  enter  the  eye. 

Determination  of  H.  and  its  Degree  by  means  of  the  Ophthal- 
moscope.—  It  has  been  stated  that  the  hypermetropic  eye  at  rest 
is  adjusted  for  convergent  rays  ;  hence,  when  its  interior  is 
strongly  illuminated,  rays  thrown  back  from  its  fundus  do  not 
all  return  to  the  source  of  illumination  ;  the  rays  emerge  di- 
vergently from  the  surface  of  the  cornea.  If  the  H.  be  of 
high  degree,  and  the  eye  of  the  observer,  placed  beside,  or  at 
some  distance  from,  the  edge  of  the  mirror,  sees  the  red  reflex 
from  the  fundus  of  the  observed  eye,  and  is  able  to  distin- 
guish   some    of  the    retinal    vessels,  largely   magnified,   the 
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conclusion  is  that  the  examined  eye  is  hypermetropic.  Now, 
to  ascertain  its  degree :  It  has  been  stated  that  in  H.  there 
is  generally  an  inability  to  completely  relax  the  tension  of 
accommodation  when  the  error  of  refraction  is  entirely  neu- 
tralized by  convex  glasses  —  a  part  still  remaining  latent; 
hence  the  necessity  for  paralyzing  the  ciliary  muscle,  in  order 
to  ascertain  the  degree  of  Ht.  This  involuntary  tension  only 
exists  whilst  the  eyes  are  engaged  in  the  act  of  vision;  when 
not  so  employed,  the  accommodation  is  as  much  relaxed  as 
it  is  in  the  emmetropic  eye  under  similar  circumstances. 
During  the  ophthalmoscopic  examination  of  the  hyperme- 
tropic eye,  it  is  gazing  into  vacancy,  and  there  is  only  the 
same  amount  of  tonic  contraction  of  the  ciliary  muscle  which 
probably  exists  at  all  times  in  the  emmetropic  eye ;  now,  if 
the  ophthalmoscope  be  held  very  near  the  eye  —  about  one 
inch  in  front  of  it  —  and  the  observer  place  behind  the  mirror 
a  convex  lens  of  sufficient  refractive  power  to  render  the 
divergent  rays  from  the  observed  eye  parallel,  he  will,  if  his 
own  eye  be  emmetropic,  or  made  so  by  a  proper  lens,  and 
his  accommodation  completely  relaxed,  see  an  erect  virtual 
magnified  image  of  the  retina  of  the  observed  eye.  The  focal 
length  of  the  convex  lens  necessary  to  make  the  divergent 
rays  parallel,  diminished  by  its  distance  from  the  eye,  repre- 
sents the  degree  of  Ht.  This  method  of  determining  H.  and 
its  degree  saves  much  time  and  obviates  the  necessity  for 
paralyzing  the  accommodation,  which,  with  the  accompany- 
ing dilatation  of  the  pupil,  lasts  for  several  days,  and  is  very 
annoying  to  the  patient.  Although  it  may  not  give  quite  as 
accurate  results,  yet  they  are,  ordinarily,  sufficiently  so  for 
practical  purposes,  and  in  children,  it  is  particularly  to  be 
preferred,  as  their  answers  in  the  examination  by  means  of 
test-letters  are  often  very  unsatisfactory.  With  the  improved 
ophthalmoscopes  of  Knapp  and  Loring,  the  proper  neutral- 
izing lens  can  be  found  by  simply  rotating  the  disk,  and  thus 
the  necessity  is  obviated  for  repeatedly  removing  the  instru- 
ment from  the  eye  to  change  the  lenses  until  the  proper 
one  is  found. 
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Form,  Position,  and  Movements  of  the  Hypermetropic  Eye. — 
Acquired   H.,  as  previously  stated,  most  usually  is  the  result 
of  senile  changes,  which  cause  a  decrease  in  the  former  re- 
fractive state  of  the  dioptric  media.     It  may  also  arise  from 
other    causes,   as    from    contraction    of  cicatrices    following 
wounds  or  ulceration  of  the  cornea,  whereby  either  its  en- 
tire surface,   or  perhaps  only  its  central  portion,  is  flattened ; 
this  condition  is  usually  accompanied  by  irregular  astigma- 
tism.    H.  is  frequently  an  attendant 
symptom  of  the  early  stages  of  glau- 
coma.    It  is  supposed  by  some  that 
the    increased    intra-ocular    tension 
causes  the  cornea  to  assume  a  degree 
of  convexity  more  nearly  correspond- 
ing with  the  curvature  of  the  sclerot- 
ica; but  Donders  says  that  he  has  Figure  ei. 
never  found  the  cornea  flattened  in  glaucoma,  and  he  is  in- 
clined to  the  opinion  that  the  diminution  of  refraction  arises 
from  a  flattening  of  the  lens  through  increased  tension  of 
the  zonula  zinnii,  or  possibly  by  a  higher  coefficient  of  re- 
fraction of  the  aqueous  or  vitreous  humors.     Original  H.  has 
its  cause  in  an  abnormal  anatomical  formation  of  the  eyeball. 
The  structure  of  the  hypermetropic  eye  is  represented  in  Fig. 
61.     A  transverse  section  made  through  its  equator  presents 
a  form  nearly  circular;  a  lon- 
gitudinal section  through  the 
ocular  axis  has  an  oval  or  an 
ellipsoid    form.     The    typical 
hypermetropic  eye  is,  in  all  its 
dimensions,  smaller  than   the 
emmetropic,    but    particularly 
so  in  the  direction  of  its  ocular     Fi&ure  6'2-   (Emmetropic  Eye.) 
axis.     Its   posterior  surface   is  flatter,  thus  diminishing  the 
length  of  its  visual  axis.     This  defective   formation  usually 
arises  from  imperfect  development  during  the  growth  of  the 
eye   in  childhood  ;  the  tendency  to   this  arrest  of  develop- 
*3 


194  OPTICAL    DEFECTS. 

ment  is  often  hereditary,  and  many  members  of  the  same 
family  are  similarly  affected.  Indeed,  this  is  so  frequently 
the  case,  that  in  examining  a  hypermetropic  patient,  many 
ophthalmic  surgeons  invariably  ask  him  if  other  members  of 
his  family  are  not  similarly  affected,  and  if  one  or  both  of 
his  parents  did  not  begin  to  wear  convex  glasses  at  an  un- 
usually early  age ;  the  answer  is  generally  in  the  affirmative. 
The  optic  nerve  is  smaller,  contains  fewer  nerve  fibres,  and 
the  retinal  expansion  is  less  than  in  the  emmetropic  eye. 

The  cornea  and  the  iris  are  smaller,  and  the  depth  of  the 
anterior  chamber  less,  but  the  radius  of  curvature  of  the  cor- 
nea is  not  lengthened,  and  in  high  degrees  of  H.  it  is  some- 
times shorter  than  it  is  in  the  emmetropic  eye.  High  grades 
of  H.  are  often  expressed  in  the  form  of  the  face,  and  the 
peculiarity  depends  on  the  shallowness  of  the  orbits.  "  The 
margins  of  the  sockets  are  flatter,  less  curved,  the  whole  face 
is  flattened,  with  but  little  relief;  there  is  little  rounding  in 
the  cheeks,  because  the  anterior  surface  of  the  face  quickly 
passes  into  the  lateral  flatness.  Often,  too,  the  nose  is  but 
slightly  prominent,  and  the  upper  part  of  its  dorsum  is  so 
little  marked  that  it  can  scarely  give  support  to  ordinary  spec- 
tacles." (Donders)  It  sometimes  happens,  that  in  the  same 
person,  E.  exists  in  one  eye,  and  H.  in  the  other;  in  such 
cases,  there  is  often  a  marked  difference  in  the  form  of  the 
bones  of  the  two  sides  of  the  face.  We  recently  saw  a  case  of 
this  kind.  A  young  lady  presented  herself  for  treatment  of  stric- 
ture of  the  nasal  duct.  On  looking  at  her  face,  a  want  of  sym- 
metry was  noticed  between  the  two  sides,  and  in  the  size  of 
the  eyeballs.  The  right  side  presented  the  typical  hyperme- 
tropic structure,  both  of  the  eye  and  of  the  face.  An  exam- 
ination showed  the  left  eye  to  be  emmetropic,  and  the  right 
hypermetropic  of  a  degree  =  Tl%. 

The  greatest  deviation  of  the  hypermetropic  from  the  em- 
metropic structure,  is  in  the  length  of  the  visual  axes.  It  may 
be  assumed  that  in  the  former  condition  the  distance  between 
the  fovea  centralis  and  the  posterior  scleral  pole,  is  lessened 
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to  a  degree  proportional  to  the  diminished  size  of  the  eyeball, 
—  in  reality  it  is  greater, —  but,  owing  to  the  posterior  flat- 
tening of  the  globe,  these  two  points  are  relatively  brought 
much  nearer  to  the  optical  centre  of  the  eye.  This  forma- 
tion brings  the  posterior  starting-points  of  the  ocular  and 
visual  axes  nearer  to  their  point  of  crossing ;  hence,  these 
lines  enclose  a  larger  angle.  In  the  emmetropic  eye,  the 
angle  a  —  this  letter  is  used  to  represent  the  angle  en- 
closed between  the  visual  line  and  the  ocular,  or  long  axis 
of  the  cornea — is  from  30  to  6°.  In  the  hypermetropic 
eye,  the  angle  a  may  vary  in  size  from  6°  to  n°.3.  In 
six  cases  examined  by  Donders,  the  maximum  size  of  angle 
a  was  90,  the  minimum  6°;  the  average  70. 5  5  ;  the  average 
length  of  the  visual  axes  was  15.32  mm.  The  relative  posi- 
tion of  the  visual  line  to  the  ocular  axis,  in  H.  is  shown  in 
Fig.  61  above;  l'  represents  the  situation  of  the  fovea  cen- 
tralis; g,  the  posterior  pole,  or  the  point  where  the  ocular 
axis  passes  through  the  retina;  ?i,  the  optic  nerve  entrance; 
k,  the  nodal  point ;  a  g,  the  prolonged  ocular  axis ;  / /',  the 
visual  line.  It  will  be  seen  that  the  visual  line  cuts  the 
cornea  at  a  greater  distance  from  its  zenith  than  in  the  em- 
metropic eye,  as  it  is  represented  in  Fig.  62  ;  this  distance 
necessarily  varies  with  the  size  of  angle  a.  It  should  be 
mentioned  that  the  position  of  the  centre  of  rotation  of  the 
hypermetropic  structure  is  relatively  moved  farther  back  on 
the  shortened  ocular  axis ;  this  change,  together  with  the 
oval  form  of  the  smaller  eyeball,  from  the  flattening  of  its 
posterior  part,  renders  a  less  amount  of  muscular  contraction 
necessary  to  produce  equal  excursions  of  the  eye  from  the 
primary  position  than  in  the  emmetropic  eye,  and  the  move- 
ments are  less  regular.  The  latter  effect  is  not  particularly 
noticeable  in  slight  changes  of  the  eye  from  the  primary 
position;  but  if,  for  example,  there  be  H.  of  ]  or  \,  and  we 
watch  the  eye  while  it  is  turning  inwards,  the  movement  is 
at  first  slow  and  regular,  until  after  the  ocular  axis  has 
attained  a  certain   position,  when  suddenly  the  eye  seems, 
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as  it  were,  to  tilt  on  its  side,  and  the  cornea  is  almost  hidden 
from  view  within  the  inner  canthus  ;  the  plane  of  the  equator 
is  directed  forwards,  so  that  the  length  of  the  ocular  axis 
may  be  measured  almost  with  the  same  facility  as  if  the  eye 
were  removed  from  the  orbit.  Owing  to  the  visual  axis  cut- 
ting the  cornea  farther  within  its  zenith,  a  less  degree  of 
convergence  of  the  long  corneal  axes  is  necessary  for  binoc- 
ular near  vision.  We  become  accustomed  to  the  positions 
which  the  corneal  apices  of  the  normal  eyes  assume,  when  we 
observe  persons  viewing  objects  situated  at  different  distances. 
In  high  grades  of  H.,  to  an  observer,  the  eyes  seem  to  be 
fixed  on  an  object  farther  off  than  the  one  they  are  actually 
looking  at,  and  when  the  visual  lines  are  parallel,  the  ocular 
axes  may  enclose  an  angle  of  from  twenty  to  twenty-two 
degrees ;  thus  giving  rise  to  what  is  apparently  a  divergent 
squint,  although  in  reality  the  visual  lines  are  parallel. 
This  condition  will  be  easily  understood  by  referring  to  the 
figure,  and  drawing  or  imagining  the  representation  of  a 
horizontal  section  of  the  opposite  eye  to  be  placed  above 
the  one  shown  in  Fig.  61  ;  then,  if  the  representations  be 
so  changed  in  position  that  the  visual  lines  /  /'  become  paral- 
lel, the  ocular  axes  will,  if  prolonged  backwards,  meet  at 
a  certain  distance  behind  the  eyes,  and  they  will  enclose  an 
angle  twice  the  size  of  angle  a. 

Vision  of  Hypermetropes. 

In  youth,  vision,  in  the  lower  grades  of  hypermetropia, 
usually  =  1,  and  H.  is  often  entirely  latent,  so  that  the 
error  of  refraction  can  only  be  detected  by  means  of  the 
ophthalmoscope  or  by  paralyzing  the  accommodation ; 
but  in  the  higher  grades,  as,  for  example,  \y  J,  or  J,  sight 
is  usually  defective,  even  when  the  H  is  completely  neutral- 
ized by  convex  glasses.  This  deficiency  is  probably  owing 
to  the  diminished  distance  of  the  retina  from  the  nodal 
points,  causing  the  magnitude  of  the  retinal  images  of  objects 
to  be  proportionately  smaller  than  in  emmetropic  eyes  ;  con- 
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sequently,  they  impress  fewer  of  the  perceptive  nervous  ele- 
ments. This  diminution  in  the  sharpness  of  vision  continues, 
to  a  greater  or  less  extent,  even  when  the  magnitude  of  the 
images  is  increased  by  moving  the  glasses  farther  from  the 
eyes,  thus  showing  that  the  rods  and  cones  corresponding  to 
a  smaller  optic  nerve  are  fewer  and  less  compact,  particularly 
in  the  region  of  the  yellow  spot,  than  in  normal  eyes;  it  is  also 
probably  owing  to  this  reason,  that  persons  having  high 
grades  of  H.  see  badly  at  night,  or  in  dimly-lighted  apart- 
ments ;  persons  strongly  hypermetropic  sometimes  partially 
close  their  lids,  and  bring  small  objects  well  illuminated  within 
two  or  three  inches  of  the  eye,  at  which  distance  they  for  a 
time  see  distinctly.  The  explanation  of  this  phenomenon  is, 
that  the  size  of  the  visual  angle  is  inversely  proportional  to 
the  distance  of  the  object  looked  at,  and,  as  the  latter  is 
brought  very  near  to  the  eye,  the  size  of  the  retinal  images 
increases  to  a  much  greater  extent  than  the  circles  of  diffu- 
sion. The  strong  illumination  necessary  diminishes  the  size 
of  the  pupil,  which,  aided  by  the  partial  closing  of  the  lids, 
shuts  out  the  circumferential  rays,  the  aberration  of  which 
adds  largely  to  the  diffusive  circles,  while  they  learn  to  a 
great  extent  to  suppress  the  impressions  of  any  ununited 
rays  which  may  pass  through  the  central  portions  of  the  diop- 
tric media  —  by  practice,  these  hypermetropes  occasionally 
learn  to  do  fine  work  or  read  small  print  without  the  aid  of 
glasses,  and  are  often  thought  to  be  very  near-sighted.  They 
can,  however,  see  with  positive  glasses  infinitely  remote  ob- 
jects which  the  myope  is  unable  to  do.  The  emmetropic 
eye,  even  when  presbyopic,  can,  with  a  little  practice,  read 
fine  print  (No.  I,  Jaegar)  held  one  or  two  inches  distant;  to 
do  this  it  requires  a  strong  light,  not  only  to  illuminate  the 
print,  but  to  contract  the  pupil  to  its  minimum  size,  when,  by 
partially  closing  the  lids,  so  as  to  form  a  stenopeic  slit,  the 
print  becomes  very  black,  clear,  sharply  defined,  and  magni- 
fied two  or  three  diameters.    The  same  result  is  accomplished 
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by  looking  through  a  minute  hole  in  a  blackened  card,  or  a 
thin  metal  plate ;  and  the  principle  involved  is  probably  the 
same  as  in  the  formation  of  images  in  a  darkened  room  by 
allowing  light  from  objects  to  fall  on  a  screen  after  passing 
through  a  pin-hole  in  a  piece  of  tin-foil.  Practically,  we 
may  say  a  single  ray  from  each  point  of  the  object  passes 
through  the  hole  and  falls  on  the  screen,  forming  the  image. 
So  in  the  eye,  the  image  is  formed  by  the  primary  and 
secondary  axis  rays  alone  which  enter  the  eye  —  one  from 
each  point  of  the  object. 

Asthenopia. 

Asthenopia  may  be  defined  to  be  the  want  of  sufficient 
potential  muscular  energy  to  maintain,  for  a  length  of  time, 
the  adjustment  of  the  dioptric  apparatus  or  the  visual  axes, 
required  for  near  vision,  and  the  nervous  and  vascular  excite- 
ment resulting  from  the  effort.  Asthenopia  is  divided  into 
muscular  and  accommodative ;  the  former  term  is  applied  to 
those  cases  in  which  there  is  a  deficiency  of  nervous  energy 
of  one  or  both  of  the  lateral  recti  muscles  necessary  to  keep 
up  the  proper  degree  of  convergence,  either  relative  or  asso- 
ciative, of  the  visual  axes  for  near  vision.  This  insufficiency, 
although  it  sometimes  occurs  in  H.,  is  chiefly  met  with  in 
the  higher  grades  of  myopia,  in  which  small  objects,  to  be 
distinctly  seen,  must  be  brought  very  near  the  eyes;  hence, 
a  description  of  the  symptoms  and  treatment  of  this  form  of 
the  disease  comes  more  appropriately  under  the  head  of 
myopia,  where  it  will  be  again  referred  to. 

Accommodative  asthenopia  is  one  of  the  chief  attending 
symptoms  of  H.,  in  which  condition  of  the  eye  a  part  of  the 
accommodation  is  diverted  from  its  legitimate  purposes,  in 
order  to  unite  parallel  rays  in  a  focus  on  the  perceptive  ele- 
ments of  the  retina,  leaving  a  corresponding  deficiency  in  the 
power  of  adjustment  for  divergent  rays,  so  that  in  the  exer- 
cise of  near  vision,  an  extraordinary  degree  of  tension  of  the 
muscles  of  accommodation  is  required      The  result  is,  that 
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the  potential  muscular  energy  is  soon  exhausted,  and  the 
tension  of  the  fibres  gives  way,  with  supervening  symptoms 
of  muscular  fatigue. 

This  defect  is  not  usually  manifested  at  a  very  early  period 
of  life,  because  young  children  seldom  exercise  their  eyes 
for  any  considerable  length  of  time  in  looking  at  small  ob- 
jects ;  but  usually  between  the  ages  of  ten  and  twenty  years, 
when  the  eyes  are  exercised  for  a  length  of  time  in  reading, 
writing,  or  doing  fine  work,  symptoms  of  accommodative 
asthenopia  appear,  and  cause  much  suffering  and  annoyance, 
and  frequently  give  rise  to  painful  forebodings  of  future  blind- 
ness. 

In  accommodative  asthenopia  there  is  perfect  near  vision 
for  a  time,  but  the  required  tension  of  accommodation  for 
the  exercise  of  the  eyes  in  seeing  small  objects  cannot  be 
kept  up,  and,  notwithstanding  an  increased  effort  is  made  to 
overcome  the  deficiency  of  potential  nervous  energy,  the  mus- 
cles of  accommodation  give  way  from  exhaustion  ;  this  is  fol- 
lowed by  a  sensation  of  fatigue  within  the  eyes,  supra-orbital 
pain,  with  hyperaemia  and  excessive  irritability.  The  retinal 
images  become  blurred,  and  the  straining  of  the  accommo- 
dation to  form  distinct  images,  renders  the  eye  sensitive  to 
strong  light,  particularly  if  it  be  artificial,  causing  a  painful 
dazzling  and  a  sensation  of  smarting  and  roughness,  as  if 
there  were  sand  beneath  the  lids,  followed  by  slight  swelling 
of  the  latter,  with  increased  mucous  discharge,  which,  dry- 
ing, frequently  glues  together  the  edges  of  the  lids  during 
sleep.  After  a  period  of  rest,  during  which  time  the  sufferer 
closes  the  lids  and  rubs  or  presses  the  eyes  with  the  fingers, 
these  symptoms  disappear,  but  they  return  with  increased 
violence  after  prolonged  straining  of  the  ciliary  muscles  for 
continued  near  vision,  particularly  if  the  illumination  be  bad, 
until,  finally,  the  required  adjustment  of  the  dioptric  appa- 
ratus can  be  maintained  only  for  a  few  minutes  at  a  time. 

The  pain  and  irritation  become  so  great  that  reading, 
writing,  or  doing  fine  work   has  to  be  abandoned,  and  unless 
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artificial  assistance  be  given,  some  occupation  must  be 
sought  which  requires  but  little  exercise  of  the  eyes  for 
sharp  vision  of  small  objects.  In  muscular  asthenopia,  let- 
ters run  into  each  other,  or  are  seen  double.  In  accommo- 
dative asthenopia,  the  borders  of  the  letters  widen  out  and 
the  angles  lose  their  sharpness,  so  that  their  forms  cannot 
be  distinguished.  In  the  former  case  the  visual  axes  of  the 
two  eyes  cease  to  be  directed  to  the  same  point;  in  the 
latter,  the  accommodation  alone  is  at  fault.  There  is  an 
actual  and  a  potential  muscular  energy  recognized ;  the 
former  acts  to  cause  a  muscle  to  contract,  the  latter  to  main- 
tain the  state  of  contraction.  In  accommodative  asthenopia, 
it  is  seen  that  there  is  sufficient  actual  energy  of  the  ciliary 
muscle  to  adjust  the  lens  for  the  normal  near  point,  but  a 
lack  of  potential  energy  to  maintain  that  adjustment  for  a 
length  of  time.  In  the  emmetropic  eye  no  muscular  effort 
is  required  to  see  at  a  distance ;  consequently,  the  entire 
power  of  accommodation  is  free  to  be  used  as  may  be  required 
for  near  vision.  On  the  contrary,  in  H.  there  is  no  distinct 
vision  even  at  a  distance,  without  a  partial  contraction  of  the 
ciliary  muscle ;  consequently,  the  accommodation  begins  with 
a  deficiency,  or,  in  familiar  parlance,  it  has  "  extra  weight  to 
carry,"  and,  as  a  matter  of  course,  gives  out  sooner  when 
great  exertions  of  it  are  demanded.  This  condition  may  be 
illustrated  by  the  deltoid  muscle  which  raises  the  arm.  If  one's 
occupation  requires  that  the  arm  shall  be  frequently  elevated, 
and  kept  for  some  time  in  that  position,  the  deltoid  muscle  may- 
be fully  equal  to  the  task  imposed  on  it.  Now,  if  a  ring  of  iron 
weighing  ten  pounds  be  immovably  attached  to  the  wrist, 
then  every  time  that  the  arm  is  elevated,  a  portion  of  the 
muscular  energy  is  exhausted  in  lifting  the  iron  ring;  hence, 
there  would  be  that  amount  of  deficiency  in  the  strength  of 
the  muscle,  and  if  required  to  perform  the  same  amount  of 
labor,  that  it  was  able  to  accomplish  before  the  weight  was 
attached  to  the  wrist,  the  muscular  energy  wrould  sooner  be 
exhausted.     To  carry  out  the  simile,  the  weight  of  the  iron 
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ring  corresponds  to  the  grade  of  the  H.  If  the  weight  be 
increased,  or  the  grade  of  the  H.  be  higher,  the  muscle  gives 
out  that  much  sooner.  On  the  contrary,  with  diminished 
weight,  or  a  lesser  degree  of  H.,  labor  may  be  longer  per- 
formed without  fatigue  or  asthenopic  symptoms  supervening. 
Hence  it  is  evident  that  the  length  of  time  that  the  accom- 
modation can  remain  adjusted  for  a  near  point  is  dependent 
upon  the  grade  of  the  H.,  or  tne  amount  of  "  extra  weight" 
the  ciliary  muscle  has  to  carry.  In  childhood,  when  the  lens 
is  quite  soft  and  yielding,  and  the  muscle  strong  and  well 
developed,  a  high  grade  of  H.  may  exist  and  pass  unnoticed; 
but  as  the  crystalline  lens  becomes  more  firm,  and  the  exer- 
cises at  school  demand  a  greater  use  of  potential  muscular 
energy,  symptoms  of  asthenopia  usually  appear,  and  soon  be- 
come very  annoying.  In  the  slighter  degrees,  youth  may  pass 
without  serious  trouble,  but  presbyopia — a  recession  of  the 
near  point  beyond  eight  inches  —  begins  at  an  unusually 
early  age.  Accommodative  asthenopia,  not  dependent  on  H., 
is  often  met  with  after  exhausting  illness,  and  in  females  of 
lax  muscular  fibre,  in  whom  any  slight  exertion  is  attended 
with  fatigue.  The  ciliary  muscle,  partaking  of  the  general 
feebleness  of  the  system,  is  deficient  in  potential  energy,  and 
soon  becomes  exhausted  when  called  into  action.  With  the 
improvement  in  the  general  health  the  asthenopic  symptoms 
pass  away. 

Treatment  of  Hypermetropia. 

In  absolute  H.,  objects  with  the  naked  eyes  are  indistinct- 
ly seen  at  all  distances  —  vision  is  entirely  negative.  The 
whole  power  of  accommodation  fails  to  unite  parallel  rays  in 
a  focus  in  the  retina  ;  consequently,  these  must  be  rendered 
convergent  before  they  enter  the  eye,  by  means  o(  convex 
glasses.  Usually  two  pairs  of  spectacles  arc  required  ;  one 
pair  should  be  selected  which  makes  remote  objects  distinctly 
seen,  and  another  that  enables  fine  print  to  be  easily  read  at 
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about  twelve  inches  distance.  When  the  range  of  accom- 
modation is  greatly  diminished,  points  situated  at  an  inter- 
mediate distance  may  be  rendered  more  distinct  by  moving 
the  glasses  farther  from  the  eyes,  as  circumstances  may  re- 
quire. When  very  strong  convex  glasses  are  used,  a  slight 
alteration  in  their  distance  from  the  eyes  is  equivalent  to  a 
change  for  those  of  a  greater  or  lesser  power,  as  may  be 
needed  to  make  the  object  more  distinctly  seen,  thus  obviat- 
ing the  necessity  of  glasses  of  intermediate  foci.  In  specta- 
cles of  high  power,  care  should  be  exercised  to  have  the 
glasses  properly  adjusted  or  centred.  As  these  are  usually 
required  for  near  vision,  where  there  is  a  strong  convergence 
of  the  visual  axes,  the  centres  of  the  lenses  should  be  so 
near  to  each  other  that  the  visual  lines  may  pass, through  or 
near  their  axes.  If  this  be  neglected,  and  the  rays  of  light 
pass  too  near  the  edges  of  the  lenses,  they  are  refracted  as 
by  prisms  with  curved  surfaces,  causing  a  disturbance  of  the 
normal  conditions  of  association  that  should  exist  between 
accommodation  and  convergence,  which  is  often  attended 
by  painful  nervous  and  vascular  excitement.  In  facultative 
H.,  where  vision  is  acute  both  for  near  and  remote  objects, 
and  the  accommodation  can  be  maintained  in  a  state  of  ten- 
sion without  fatigue  as  long  as  may  be  desired,  no  treatment 
is  necessary ;  but  in  such  cases  the  recession  of  the  near 
point  beyond  eight  or  ten  inches,  usually  takes  place  by  the 
age  of  twenty-five  or  thirty  years,  rendering  convex  glasses 
necessary  for  reading,  writing,  etc.,  or  doing  fine  work. 

Accommodative  asthenopia  owes  its  origin,  as  already 
shown,  to  the  faulty  formation  of  the  eye,  whereby  an  un- 
usual amount  of  muscular  power  is  required  to  adjust  the 
dioptric  apparatus  for  near  vision.  Now,  a  convex  lens 
placed  before  the  eye  is  equivalent  to  the  expenditure  of  a 
certain  amount  of  muscular  force,  because,  by  the  use  of  the 
lens,  the  demand  for  the  excessive  contraction  of  the  ciliary 
muscle  is  obviated.    In  other  words,  the  artificial  lens  relieves 
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the  overburdened  muscle  of  the  "  extra  weight "  it  has  to 
carry.  The  question  now  arises,  What  should  be  the  power 
of  the  required  lens  in  each  individual  case?  It  has  been 
shown  that  ordinarily  there  is  a  part  of  the  H.  that  is  mani- 
fest, and  a  part  that  is  latent.  Theoretically,  it  would  seem 
proper,  as  previously  stated,  at  once  to  neutralize  the  total  H., 
but  in  practice,  glasses  that  accomplish  this  are  found  to  be  too 
strong.  In  facultative  H.,  there  is  an  excessive  active  contrac- 
tion of  the  ciliary  muscle,  which  represents  the  latent  or  sup- 
pressed portion.  After  glasses  which  neutralize  the  total  H. 
are  placed  before  the  eyes,  the  muscle  does  not  relax  suffi- 
ciently to  make  the  suppressed  portion  manifest;  the  active 
contraction  still  continues ;  hence,  to  that  extent  there  is  a 
double  power  acting,  which  may  increase  the  very  symptoms 
it  is  sought  to  relieve.  The  rule,  then,  is,  not  to  attempt  to 
completely  neutralize  the  total  H.  at  once.  When  the  patient 
can  be  kept  for  some  time  under  observation,  it  is  preferable 
to  adapt  glasses  which  just  neutralize  the  Hm.,  and  direct 
them  to  be  worn  only  for  near  vision  of  small  objects,  resting 
the  eyes  every  twenty  or  thirty  minutes  by  looking  for  a 
short  time  at  a  distance.  After  a  few  weeks'  use  in  this  man- 
ner an  additional  portion  of  the  HI.  becomes  manifest,  when 
the  glasses  may  be  changed  for  those  a  little  stronger.  Finally, 
the  suppressed  portion  becomes  entirely  or  almost  entirely 
manifest;  then  the  glasses  corresponding  to  the  grade  of  the 
total  H.,  are  the  proper  ones  to  select,  and  no  further  changes 
become  necessary  until  after  the  inevitable  senile  changes  take 
place.  Should  the  patient  be  so  situated  that  he  can  be  seen 
but  once,  and  it  becomes  necessary  to  choose  permanent 
glasses  on  that  occasion,  Donders  advises  that  those  should 
be  selected  which  neutralize  the  Hm.,  and  about  one-fourth 
of  the  HI.,  which,  although  too  strong  at  first,  will,  in  the 
course  of  a  few  weeks,  become  suited  to  the  eyes.  Should  they 
be  constantly  worn  for  distant  vision  ?  The  patient  sees  re- 
mote objects  equally  as  well  without  as  with  spectacles ;  hence, 
there  is  no  real  necessity  for  their  constant  use  ;  the  effect  of 
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which  would  be  to  cause  the  eyes  gradually  to  lose  the  power 
of  seeing  remote  objects  distinctly  without  them  ;  this  is  often 
a  great  inconvenience,  as  the  glasses,  when  needed,  may  not 
always  be  at  hand.  Again,  when  spectacles  are  worn  to  see 
at  a  distance,  the  scope  and  symmetry  of  the  field  of  vision, 
from  the  movements  of  the  eye  by  the  external  ocular  mus- 
cles, are  greatly  diminished,  because  the  glasses  cannot  turn 
with  the  eyes  ;  hence,  when  looking  far  outwards  or  inwards, 
upwards  or  downwards,  the  visual  lines  pass  beyond  or  near 
the  edges  of  the  glasses,  and  vision  then  becomes  indistinct; 
consequently,  additional  movements  of  the  head  are  required 
in  order  to  bring  the  visual  lines  to  pass  through  the  central 
portions  of  the  lenses.  It  occasionally  happens  that  in  long 
continued  sight-seeing,  as  in  viewing  objects  on  the  stage  of 
a  theatre,  or  at  an  exposition,  gallery  of  paintings,  etc.,  symp- 
toms of  fatigue  appear;  recourse  should  then  be  had  to  the 
glasses.  Indeed,  there  can  be  no  objection  to  their  being 
habitually  worn  on  such  special  occasions,  in  order  to  lessen 
the  increased  amount  of  muscular  energy  demanded.  It  is 
sometimes  the  case  that  when  convex  glasses  are  at  first 
placed  before  the  eyes,  objects  appear  to  be  magnified  and  at 
a  greater  distance  than  they  really  are  ;  in  walking,  the  pave- 
ment seems  to  recede,  so  that  the  patient  feels  as  though  he 
was  stepping  in  a  hole  or  depression.  Judgment  of  distances 
is  an  acquired  faculty.  We  learn  by  experience  that  for  every 
specified  distance  there  is  a  certain  degree  of  convergence 
of  the  visual  axes  to  which  corresponds  a  definite  amount  of 
tension  of  accommodation.  From  these  conditions  of  asso- 
ciation between  convergence  and  accommodation,  we  derive 
our  ideas  of  the  distance  of  objects.  When  the  hyperme- 
tropic eyes  are  first  made  to  look  through  positive  glasses, 
the  accommodation  relaxes  ;  the  tension  is  then  less  than 
the  eyes  have  been  accustomed  to  for  certain  degrees  of  con- 
vergence;  the  patient  involuntarily  associates  the  relaxation 
of  the  ciliary  muscle  with  an  increased  distance  and  size  of 
the  object.     With  practice,  he  soon  becomes  accustomed  to 
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the  modified  conditions  of  association,  and  learns  to  correct 
his  judgment  accordingly.  "  It  is  a  great  satisfaction  to  be 
able  to  say  that  asthenopia  need  now  no  longer  be  an 
inconvenience  to  any  one.  In  this  we  have  an  example,  by 
what  trifling  means  science  sometimes  obtains  a  triumph, 
blessing  thousands  in  its  results.  The  discovery  of  the  sim- 
ple fact  that  asthenopia  is  dependent  on  the  hypermetropic 
structure  of  the  eye,  pointed  out  the  way  in  which  it  was  to 
be  obviated."     (Donders.) 

Another  form  of  asthenopia  has  its  origin  in  the  disturb- 
ance of  the  normal  relative  associations  which  should  exist 
between  accommodation  and  convergence  With  a  fixed 
degree  of  convergence,  the  positive  should  bear  a  certain 
proportion  to  the  negative  part  of  relative  accommodation. 
If  either  be  in  excess  there  will  be  a  strain  on  the  muscles 
of  accommodation  or  convergence,  as  the  case  may  be,  in 
order  to  maintain  the  necessary  adjustment.  This  condi- 
tion will  be  easily  understood  by  referring  to  the  figures  on 
page  85. 

The  treatment  consists,  either  in  the  adjustment  of  spher- 
ical glasses,  or  in  the  use  of  weak  prisms,  to  slightly  change 
the  degree  of  convergence. 

Note.  —  The  great  frequency  of  accommodative  asthenopia  having 
its  origin  in  the  hypermetropic  structure  of  the  eye,  renders  it  important 
that  its  nature  and  treatment  should  be  thoroughly  understood  by 
general  practitioners  of  medicine,  and  I  add  this  note  with  the  view  of 
impressing  upon  them  and  the  educated  public  the  important  bearing 
of  this  subject  upon  a  condition  of  the  eyes,  affecting  so  many  children 
and  young  persons,  and  will  elucidate  its  nature  and  symptoms  still 
further,  by  the  clinical  report  of  several  cases. 

"  He  who  knows  by  experience  how  commonly  H.  occurs,  how  neces- 
sary a  knowledge  of  it  is  to  the  correct  diagnosis  of  the  various  defects  of 
the  eye,  and  how  deeply  it  affects  the  whole  treatment  of  the  oculist,  will 
come  to  the  sad  conviction  that  an  incredible  number  of  patients  have 
been  tormented  with  all  sorts  of  remedies,  and  have  been  given  over  to 
painful  anxiety,  who  would  have  found  immediate  relief  and  deliverance 
in  suitable  spectacles."  {Donders.)  Adults  who  have  had  hvpermetro- 
pia  from  childhood,  and  who  now  understand  the  nature  of  it,  frequently 
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speak  of  the  sufferings  they  endured  while  attending  school.  Owing  to 
an  inability  to  study  for  any  considerable  length  of  time,  they  were  fre- 
quently unable  to  accomplish  the  tasks  assigned  them,  and  for  this 
cause,  were  too  often  accused  of  stupidity  ;  their  complaints  of  headache 
and  fatigue  of  the  eyes,  were  treated  as  an  excuse  for  idleness,  and  if, 
perchance,  they  put  on  their  grandmother's  spectacles,  and  found,  to 
their  delight,  that  they  could  read  with  ease,  yet,  if  detected,  they  were 
reprimanded  and  threatened  with  punishment  if  again  seen  wearing 
them  ;  and  as  they  grew  older  and  determined  to  experience  the  benefit 
to  be  derived  from  artificial  assistance,  they  were  constantly  reminded 
of  threatened  loss  of  vision,  and  that  the  danger  would  be  greatly  in- 
creased by  wearing  glasses.  Even  as  late  as  1848,  Mackenzie,  in  his 
then  exhaustive  treatise  on  "  The  Diseases  of  the  Eye,"  advises  such  suf- 
ferers not  to  use  glasses,  but  rather  to  give  up  literary  for  rural  pursuits. 

Many  ambitious  young  men,  with  a  fondness  for  study  and  high  aspi- 
rations for  professional  distinction,  have  had  their  hopes  nipped  in  the 
bud  by  increasing  difficulties  of  continued  near  vision  in  reading,  writing, 
etc.,  and  although  they  found  relief  from  positive  glasses,  have  been 
advised  by  those  in  whom  they  confided,  not  to  wear  them,  but  rather 
to  go  to  the  country  and  seek  some  occupation  which  calls  for  but 
little  exercise  of  accommodation.  There  is  scarcely  a  teacher  in  any  of 
our  schools  who  has  not  one  or  more  pupils  who,  after  much  study, 
particularly  by  artificial  light,  does  not  suffer  from  fatigue,  with  nervous 
and  vascular  irritation  of  the  eyes,  accompanied  by  headache,  and 
whose  annoying  symptoms  would  vanish  if  permitted  to  wear  properly 
adjusted  convex  glasses  ;  but,  owing  to  a  want  of  knowledge  on  the  part 
of  their  physician,  they  are  doomed  to  a  continuance  of  the  sufferings 
and  inconvenience  of  defective  vision.  The  great  frequency  of  such 
cases  renders  it  important  that  not  only  members  of  the  medical  profes- 
sion, but  educated  persons,  and  particularly  teachers,  who  can  easily 
comprehend  the  subject  of  hypermetropia,  should  be,  to  some  extent, 
familiar  with  it,  so  that  they  may  make  due  allowance  for  the  complaints 
of  their  pupils,  and,  at  the  same  time,  by  the  proper  diffusion  of  knowl- 
edge, overcome  the  prejudice  so  widely  existing  in  the  public  mind 
against  wearing  convex  glasses,  even  when  their  use  is  imperatively 
demanded  to  overcome  some  natural  or  acquired  defects  in  the  eyes. 

Case  I.  A.  B.,  aged  sixteen  years,  comes  in  for  advice;  says  he  has 
weak  eyes ;  they  present  no  external  appearance  of  disease  ;  are  small, 
prominent,  and  set  widely  apart ;  his  pupils  act  freely  to  the  stimulus 
of  light ;  has  a  sister  younger  than  himself  who  has  a  convergent 
squint ;  an  older  brother  who  suffers  like  himself,  but  to  a  less  degree ; 
his  father  commenced  wearing  glasses  at  the  age  of  thirty  —  his  general 
health  is  good ;  he  attends  school  and  is  inclined  to  be  studious,  but 
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after  reading  or  writing  for  a  length  of  time,  his  eyes  grow  tired  and  the 
letters  become  indistinct ;  he  moves  the  book  farther  from  the  eyes  and 
sees  better  for  a  time,  but  soon  the  letters  again  appear  blurred  ;  he  once 
more  changes  the  position  of  the  book,  but  to  no  purpose  ;  the  eyes 
grow  more  and  more  fatigued,  accompanied  by  slight  watering,  with  a 
sensation  of  smarting  and  supra-orbital  pain,  the  letters  grow  pale,  their 
borders  and  angles  widen  out,  so  that  the  characters  appear  as  confused, 
dark,  irregular  spots  on  the  paper ;  he  can  read  no  longer ;  he  closes  the 
lids,  rubs  or  presses  the  eyes  with  his  fingers  for  a  few  moments,  then 
looks  at  distant  objects,  which  he  sees  distinctly  ;  after  resting  the  eyes 
for  a  few  minutes  he  again  looks  at  his  book  and  finds  the  letters  black 
and  sharply  defined,  but  the  eyes  soon  give  out,  and  he  goes  through 
the  same  process  of  closing  his  lids  and  pressing  the  eyes  ;  his  headache 
increases,  the  conjunctiva  becomes  slightly  injected,  and  if  he  continue 
his  efforts  to  study,  he  becomes  sick  at  the  stomach.  Thus  he  worries 
through  the  day;  he  attempts  to  study  at  night,  but  his  eyes  are  sensi- 
tive to  strong  artificial  light,  which  produces  painful  dazzling,  with  a  feel- 
ing of  roughness,  as  of  sand  beneath  the  lids ;  he  awakes  in  the  morn- 
ing and  finds  them  slightly  glued  together,  but  after  bathing  his  face 
feels  all  right  again  —  returns  to  school  and  has  no  trouble  in  studying 
for  the  first  hour  or  two,  but  the  asthenopic  symptoms  return,  and  he 
goes  through  the  experience  of  the  previous  day.  After  resting  Sunday 
he  has  less  trouble  with  his  eyes  on  Monday.  He  experiences  no  incon- 
venience whatever  during  vacation  ;  has  been  for  a  length  of  time  under 
the  care  of  Dr.  Blank,  who  told  him  that  he  had  "  an  affection  of  the 
optic  nerve;"  has  been  kept  on  low  diet, —  taken  mercury,  strychnine, 
and  other  medicines;  had  been  blistered  and  "eye-water"  dropped  in 
his  eyes.  He  was  requested  to  read  No.  XX  Snellen's  test-type  hanging 
on  the  wall  20'  distant ;  he  does  so  easily  ;  he  also  reads  it  with  ,\- ;  -2^j 
slightly  dims  the  letters ;  his  Hm.^r,1, ;  the  ophthalmoscope  shows  Ht.=-^6; 
he  is  then  requested  to  read  No.  2  Jaeger,  holding  the  book  as  near  to  the 
eyes  as  he  can  distinctly  see  the  letters  ;  he  reads  the  first  line  at  6",  but 
says  that  the  effort  is  painful ;  he  moves  the  book  at  io//  in  reading  the 
second  line,  and  by  the  time  he  had  finished  the  paragraph  it  is  held  at 
12"  from  the  eye.  With  glasses  of  J,-  he  reads  the  print  at  8"  easily  for 
a  length  of  time,  and  at  io//  reads  for  an  indefinite  period  without  pain 
or  any  unpleasant  sensations;  glasses  of  ^  are  prescribed  for  him, —  he 
answers,  "  Why,  doctor,  you  don't  want  me  to  wear  spectacles  ?  "  "  Cer- 
tainly," I  replied ;  "  or,  at  least,  I  wish  you  to  try  them."  He  then  said, 
"  I  used  to  put  on  my  grandmother's  spectacles  at  night  to  get  my  les- 
sons, and  could  study  as  well  as  anybody,  but  when  1  told  Dr.  Blank, 
he  said  I  must  not  use  them  any  more,  for  they  would  ruin  my  eyes  and 
make  me  blind."     Notwithstanding  Dr.  Blank's  advice,  he  returns  to 
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school,  wears  the  prescribed  spectacles,  and  no  further  complaints  are 
heard  from  him. 

Case  II.    Mr. ,  twenty-six  years  of  age,  called  in  the  summer  of 

1873  to  consult  me  in  regard  to  his  eyes.  He  belonged  to  a  family  dis- 
tinguished for  talent,  several  members  having  risen  to  enviable  posi- 
tions in  the  councils  of  the  State,  at  the  bar,  and  in  the  pulpit.  He  had 
completed  his  collegiate  course,  and  had  intended  to  study  law,  but, 
owing  to  increasing  asthenopic  difficulties,  and  acting  under  the  advice 
of  those  who  were  incompetent  to  give  it,  he  abandoned  his  studies  and 
went  to  the  country,  where  he  remained  two  years.  I  found  that  he  had 
Hm.  =  o1^,  and  gave  him  glasses  J^.  On  his  return  to  the  city  at  the 
end  of  a  year,  he  called  to  see  me  to  express  his  gratitude  for  the 
great  benefit  he  had  received  from  wearing  the  glasses  that  I  had  pre- 
scribed for  him.  He  stated  that  he  had  used  his  eyes  freely  in  reading 
and  writing  without  suffering  any  inconvenience  whatever. 

Case  III.    Mrs ,  aged  about  forty-five  years,  called  at  my  office 

with  her  husband,  to  consult  me  in  regard  to  the  condition  of  her  eyes, 
which  she  said  had  given  her  trouble  from  childhood  ;  they  were  small 
and  showed  no  external  signs  of  disease  ;  she  had  great  difficulty  in 
reading  or  doing  fine  work,  and  distant  vision  was  somewhat  defective  ; 
she  had  been  some  time  previously  under  treatment  of  a  physician  who 
regarded  her  case  as  one  of  amblyopia,  and  prescribed  for  her  accord- 
ingly. He  had  assured  her  that  unless  she  exercised  great  care,  vision 
would  eventually  be  lost ;  she  also  stated  that  she  had  for  a  long  time 
hesitated  before  making  up  her  mind  to  seek  further  advice,  fearing  that 
the  unfavorable  prognosis  previously  given,  would  be  confirmed.  I 
found  that  she  had  Ht.  =  y'.y,  all  of  which  was  manifest.  Glasses  of  ^ 
were  given  her,  with  which  she*  saw  well  at  a  distance,  and  read  medium- 
sized  print  (No.  4  Jaeger)  at  12".  The  nature  of  her  affection  was  ex- 
plained to  her,  and  she  was  requested  to  dismiss  her  fears  of  future  blind- 
ness, but  her  painful  apprehensions  had  taken  such  deep  root  in  her 
mind,  that  with  a  lingering  doubt  lest  possibly  my  opinion  in  regard  to  the 
termination  of  her  case  might  be  too  favorable,  she  afterwards,  while  in 
New  York  city,  consulted  an  eminent  ophthalmologist,  who  fully  confirmed 
my  diagnosis,  prognosis,  and  treatment  in  every  respect,  and  her  unpleas- 
ant forebodings  have  since  vanished. 

Case  IV.  In  the  fall  of  1873,  a  ^^e  girl  seven  years  of  age,  was 
brought  to  me.  Her  parents  thought  her  very  near-sighted,  and  feared 
that  she  would  soon  lose  what  vision  she  then  had.  Her  eyes  were  small, 
and  on  looking  far  inwards,  the  cornea  was  almost  hidden  from  view 
within  the  internal  canthus  ;  the  sharp  curve  of  the  meridians  as  they 
passed  over  the  equator  of  the  globe  were  very  marked,  and  the  poste- 
rior portion  of  the  sclerotica  nearly  flat,  V=  o2oV     She  made  out  letters 
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by  holding  the  book  two  inches  from  the  eye  ;  had  convergent  squint, 
fixing  only  with  the  right  eye  ;  the  retina  of  the  left  was  anaesthetic  from 
psychical  exclusion.  The  ophthalmoscope  showed  Ht.=$f  which  was 
corrected  by  glasses  of  J  held  an  inch  from  the  eyes  ;  with  them  V=  ?£. 
She  now  goes  to  school  and  holds  her  book  at  about  6",  in  order  to  get 
the  benefit  of  the  increase  in  the  size  of  the  retinal  image  from  a  large 
visual  angle. 

Case  V.  In  November,  1874,  I  saw  a  boy  nine  years  old,  who  was 
thought  to  be  highly  myopic.  In  spelling  out  his  letters  he  held  the  book 
an  inch  and  a  half  or  two  inches  from  his  eyes,  always  seeking  a  very 
strong  light,  and  could  not  recognize  the  features  of  persons  across  the 
room  ;  he  had  convergent  squint  whenever  he  endeavored  to  sharply  see 
distant  objects.  His  eyes  presented  the  strongly  marked  hypermetropic 
structure,  being  very  small,  and  the  posterior  part  of  the  sclerotica  very 
flat ;  indeed,  to  make  familiar  comparison,  they  had  the  form  of  a 
turnip-radish.  V  =  less  than  T2fi°o-  It  required  a  lens  of  ^}^7  to  make 
the  divergent  rays  from  his  eyes  parallel.  Spectacles  of  £  were  given 
him;  with  these  held  three-quarters  of  an  inch  from  his  eyes  V  =  *jf, 
and  he  read  No.  4  Jaeger,  at  from  6"  to  87/.  He  now  goes  to  school  and 
has  no  difficulty  in  learning  his  lessons.  In  neither  of  the  latter  two  cases 
can  vision  be  made  normally  acute,  owing  to  the  smaller  optic  nerve 
and  the  corresponding  diminished  retinal  expansion.  Cases  resembling 
the  above  are  daily  seen  by  the  ophthalmic  surgeon  in  large  practice, 
and  many  of  them  have  been  under  the  charge  of  the  general  practi- 
tioner, who  had  subjected  them  to  harsh  treatment  for  what  they  called 
amblyopia. 

Convergent  Squint. 

It  has  been  shown  by  Donders,  that  a  very  large  propor- 
tion —  not  less  than  three-fourths  —  of  the  cases  of  conver- 
gent strabismus,  have  their  origin  in  hypermetropia,  and  that 
this  condition  could  have  been  prevented  by  the  timely  use 
of  convex  glasses.  It  most  usually  appears  at  about  the  age 
of  five  years,  when  the  child  begins  to  fix  objects  sharply; 
sometimes  it  does  not  show  itself  until  he  attends  school,  and 
is  required  to  read,  write,  etc.,  or  do  fine  work.  It  has  been 
stated  that  there  is  an  increase  in  the  power  of  accommo- 
dation from  the  convergence  of  the  visual  axes;  the  higher 
the  degree  the  greater  is  the  power  gained.  The  visual 
lines  can  be  made  to  cross  each  other  at  a  point  nearer  than 
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that  of  binocular  fixation,  and  an  increase  in  the  amount 
of  accommodation  be  thus  gained,  but  binocular  must  give 
way  to  monocular  vision  at  the  expense  of  double  images,  for 
when  the  visual  line  of  one  eye  is  directed  to  a  point  fixed,  the 
image  is  formed  at  the  yellow  spot  —  the  place  of  direct 
vision.  The  visual  axis  of  the  other  eye  is  directed  to  another 
point  of  the  object,  or  even  to  a  different  body ;  consequently, 
the  corresponding  image  in  the  second  eye  is  formed  on  its 
retina  at  a  distance  from  its  yellow  spot;  thus  two  similar 
impressions  are  made  upon  parts  of  the  two  retinas,  which 
are  not  identical,  and  the  object  is  seen  double.  As  the  fix- 
ing eye  has  the  image  of  the  object  desired  to  be  seen 
formed  on  the  most  sensitive  part  of  the  retina,  the  atten- 
tion is  specially  directed  to  this,  and  a  positive  impression 
is  produced,  of  which  the  brain  takes  sharp  recognition. 
The  corresponding  image  in  the  deviating  eye,  formed  at 
a  distance  from  the  yellow  spot,  where  the  nerve  is  less 
sensitive,  produces  a  more  feeble  impression,  and  as  this 
image  tends  to  confuse  the  distinct  perception  sought  to  be 
made  by  the  fixing  eye,  there  is  an  effort  made  by  the  per- 
ceptive elements  to  suppress  its  recognition.  Herein  lies  the 
true  explanation  why  facultative  and  relative  H.  lead  to 
the  development  of  convergent  squint,  and,  as  a  consequence, 
to  the  formation  of  homonymous  double  images.  (The 
reverse  takes  place  in  myopia ;  this  is  the  most  frequent 
cause  of  divergent  strabismus.)  The  hypermetropic  child, 
when  he  begins  to  look  closely  at  near  objects,  finds  that  he 
cannot  see  them  distinctly,  or  if  at  first  seen  sharply,  a  con- 
siderable effort  is  required  in  order  to  keep  up  the  desired 
tension  of  accommodation ;  he  soon  finds  that  by  squinting 
inwards,  vision  in  one  eye  becomes  sharper,  and  the  effort 
required  to  accommodate  is  less.  Hence,  when  he  desires 
to  see  distinctly  a  near  small  object,  he  unconsciously  fixes 
on  it  one  eye,  while  the  visual  axes  are  converged  so  as  to 
cross  at  a  point  nearer  the  eyes.  As  soon  as  he  looks  at  a 
distance,  both  eyes  immediately  resume  their  normal  posi- 
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tions,  and  they  continue  to  act  in  harmony  until  again  called 
upon  to  fix  for  a  near  point,  when  the  squint  returns  ;  the 
child  prefers  sharp  monocular  to  imperfect  or  strained  binocu- 
lar vision.  The  squint  thus  becomes  periodical,  recurring 
whenever  great  tension  of  accommodation  is  demanded,  and 
disappearing  as  soon  as  the  eyes  are  at  rest,  or  turned  on 
distant  objects.  After  a  while,  the  eyes  are  slow  in  resum- 
ing their  natural  positions  and  movements ;  the  squint  lasts 
for  a  considerable  length  of  time  after  they  are  at  rest,  until 
finally,  it  becomes  permanent,  and  there  is  no  longer  binocu- 
lar vision.  If  the  eyes  are  alternately  exercised,  the  sight 
remains  equally  good  in  either  eye ;  but  generally  one  alone 
is  used,  while  the  other  failing  to  take  cognizance  of  its  retinal 
images,  its  powers  of  perception  are  gradually  diminished, 
until  finally  the  faculty  of  vision  is  to  a  great  extent  lost.  In 
the  deviating,  or  unused  eye,  no  organic  change  in  the  retina 
takes  place,  but  from  psychical  exclusion  the  sensibility  of  the 
nerve  becomes  blunted.  Should  the  fixing  eye  be  lost,  or 
through  tenotomy  or  other  means  the  eyes  again  act  in  har- 
mony, the  impaired  sensibility  of  the  retina  is  gradually 
restored  by  use,  and  this  result  is  made  more  rapid  by  exer- 
cising it  a  few  minutes  each  day  with  a  strong  convex  lens. 

The  question  naturally  arises,  why,  if  hypermetropia  be  so 
common  an  anomaly,  do  we  not  meet  with  more  cases  of 
convergent  strabismus,  as  its  secondary  result  ?  The  ques- 
tion is  easily  answered.  In  absolute  H.,  there  can  be  nothing 
gained  by  excessive  convergence,  because,  with  the  addition 
of  the  strongest  tension  of  accommodation,  vision  still  re- 
mains negative.  In  hypermetropic,  as  in  normal  eyes,  there 
is  a  necessity  felt  for  single  vision,  and  the  ocular  muscles 
strive  to  accomplish  this  result,  as  illustrated  by  holding  a 
prism  before  one  of  the  eyes,  when  a  strong  effort  is  made 
to  fuse  the  double  images,  by  changing  the  direction  of  the 
eye,  so  that  the  deviated  image  from  the  rays  bent  by  the 
prism  may  still  be  formed  on  the  yellow  spot,  at  points  identi- 
cal with  those  of  the  other  eye.     There  is,  then,  a  struggle 
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between  two  contending  impulses  ;  one,  from  an  abhorrence 
of  double  images,  to  see  singly  with  two  eyes,  although  at 
a  sacrifice  of  distinctness  of  vision;  the  other,  to  see  acutely, 
which  can  only  be  accomplished  with  one  eye  at  the  expense 
of  double  images.  In  the  former  case  the  brain  strives  to 
form  a  clear  impression  from  indistinct  images  ;  in  the  latter  it 
endeavors  to  suppress  the  impression  produced  by  the  image 
formed  at  a  distance  from  the  yellow  spot.  In  the  struggle 
between  these  two  contending  impulses,  in  a  majority  of  cases, 
the  abhorrence  of  double  images,  and  the  natural  desire  for 
binocular  vision,  act  so  strongly,  that  the  effort  for  acute 
monocular  vision  gives  way,  and  the  squint  is  thus  prevented. 
It  is  probable  that  some  hypermetropic  persons  pass  through 
childhood  without  discovering  that  excessive  convergence 
largely  increases  the  power  of  accommodation.  It  was  for- 
merly thought  that  many  cases  of  strabismus  were  caused 
by  imitation.  It  is  hardly  probable  that  such  would  be  the 
result  from  that  cause,  in  emmetropic  eyes,  but  in  the  effort 
to  imitate  the  squint  of  others,  the  hypermetropic  child  may 
for  the  first  time  discover  that  the  acuteness  of  vision  may  be 
decidedly  increased  by  squinting,  and  when  he  wishes  to  see 
distinctly,  take  advantage  of  the  discovery,  and  before  he  is 
aware  of  it,  have  permanent  convergent  strabismus.  The 
reason  why  squint  does  not  often  appear  after  the  age  of 
twelve  or  fifteen  years,  is  that  the  crystalline  lens  then  be- 
comes more  firm  and  is  less  easily  acted  on;  consequently, 
the  amount  of  accommodation  gained  by  strong  convergence 
is  much  less,  and  the  impulse  for  sharp  monocular  vision  is 
proportionally  diminished.  It  is  hardly  necessary  to  say  that 
convergent  squint,  being  the  secondary  result  of  H.,  may  be 
prevented  by  the  timely  neutralizing  the  errors  of  refraction 
by  suitable  convex  glasses.  As  a  matter  of  course,  there  is 
great  difficulty  in  making  a  child,  five  or  six  years  of  age, 
wear  spectacles.  It  has  not  the  judgment  to  appreciate  the 
object  for  which  they  are  prescribed,  and  is  inclined  to  regard 
them  as   "  playthings "   given   it   for   amusement ;    hence  it 
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requires  much  firmness  on  the  part  of  the  parents  to  control 
the  inclination  of  the  child  to  remove  the  glasses,  or  to  pre- 
vent their  being  broken.  Many  parents  are  not  disposed  to 
take  on  themselves  all  of  this  trouble,  but  prefer  to  allow  the 
periodic  squint  to  become  permanent.  When  the  latter  con- 
dition has  taken  place,  each  eye  should  alternately  be  used, 
in  order  to  prevent  retinal  anaesthesia,  from  psychical  exclu- 
sion. If  the  child  be  inclined  constantly  to  fix  with  the 
same  eye,  this  should  be  covered  with  a  bandage  for  an 
hour  each  day,  and  the  child  required  to  use  the  other  for 
vision.  This  practice  tends  to  prevent  either  retina  from 
losing  its  normal  sensibility,  so  that  if  at  any  time,  by  means 
of  a  successful  tenotomy,  the  natural  position  and  movements 
of  the  eyes  should  be  restored,  there  would  be  a  better  pros- 
pect for  the  return  of  binocular  vision.  Again,  in  case  the 
eye  most  used  should  be  lost  from  accident  or  disease,  the 
other  would  be  in  a  better  condition  to  supply  its  place.  It 
is  undoubtedly  a  matter  of  great  importance  to  the  child, 
that  the  periodic  squint  should  be  prevented  from  becoming 
permanent,  for  it  is  a  doubtful  question,  whether,  after  the 
most  successful  surgical  operation  for  the  cure  of  the  lat- 
ter, perfect  single  vision  with  the  two  eyes  —  that  is  vision 
the  same  as  if  but  a  single  "  cyclopean  "  eye  were  placed 
centrally  between  the  two  —  is  ever  perfectly  restored.  The 
falling  experiment  of  Hering  shows  "  that,  in  a  great  num- 
ber of  cases,  which  were  operated  on  with  the  most  favorable 
result,  and  in  part  of  which  not  the  slightest  objective  trace 
of  deviation  could  be  found,  there  was  7iot  one  in  which 
binocular  vision  appeared."     (Stclkvag.) 

Aphakia. 

Aphakia  is  the  term  given  by  Donders  to  represent  that 
condition  of  the  eye  in  which  the  crystalline  lens  is  re- 
moved from  the  plane  of  the  pupil.  It  may  result  from 
luxation  and  its  removal  to  another  position  in  the  eye,  or, 
after  puncture  or  rupture   of  the  anterior  capsule,  it  may  be 
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dissolved  in  the  aqueous  humor  and  removed  by  absorption. 
The  most  frequent  cause  of  the  absence  of  the  lens  is  its  ex- 
traction from  the  eye  by  operations  for  cataract.  In  aphakia 
two  refracting  surfaces  are  wanting,  leaving  a  single  dioptric 
system  having  its  focus  at  a  considerable  distance  behind  the 
retina ;  hence,  the  eye  is  in  a  state  of  absolute  H. ;  if,  however, 
the  eye,  previous  to  the  loss  of  its  lens,  had  a  grade  of  M.  suf- 
ficiently high,  it  may  in  aphakia  be  emmetropic  ;  this  is  a 
very  exceptional  result;  so,  if  the  eye  were  previously  hyper- 
metropic, the  resulting  degree  of  absolute  H.  will  be  propor- 
tionally greater.  Accurate  experiments,  made  under  the  most 
favorable  circumstances,  have  conclusively  proved  that  in  the 
absence  of  the  crystalline  there  remains  not  the  slightest 
trace  of  accommodation ;  this  fact  establishes  the  correctness 
of  the  universally  adopted  theory,  that  the  power  which  the 
eye  possesses  of  seeing  distinctly  at  different  distances  is 
due  solely  to  changes  in  the  form  of  the  crystalline  lens. 
The  eye  being  left  in  a  condition  of  absolute  H.,  it  becomes 
necessary  to  learn  the  degree,  and  this  can  be  accomplished 
either  by  trial  lenses,  or  by  ophthalmoscopic  optometry,  with 
a  view  of  neutralizing  the  error  of  refraction  of  parallel  rays  ; 
but  when  this  is  accomplished,  owing  to  the  absence  of 
accommodation,  there  is  vision  only  of  distant  objects;  for 
near  vision  stronger  glasses  must  be  used.     Generally,  for 

distant  vision,  glasses  of  — ,  to  —,,  and  for  near  vision  — ito4 

answer  the  required  purposes.  Accommodation  for  interme- 
diate points  can  be  effected  by  changing  the  distance  of  the 
spectacles  from  the  eyes.  Even  after  the  most  successful 
operations  for  cataract,  vision  can  rarely  be  made  to  =  I. 
Donders  attributes  this  defective  result  to  a  turbidity  in  the 
plane  of  the  pupil,  from  a  deposit  of  slightly  opaque  matter 
on  the  posterior  capsule,  which  can  be  seen  by  an  observer 
with  the  aid  of  the  ophthalmoscopes  by  oblique  illumination. 
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Myopia,  or  near-sightedness,  as  already  stated,  is  a  condi- 
tion exactly  the  reverse  of  hypermetropia ;  the  eye  is  too 
long  in  the  direction  of  its  visual  axis.  Whilst  in  H.,  rays 
of  light  emanating  from  distant  objects  (parallel  rays)  fall 
on  the  retina  before  they  are  united,  in  M.,  parallel  rays 
unite  in  a  focus  before  they  reach  the  retina ;  they  overcross 
in  the  vitreous  humor  and  fall  on  the  sensitive  nervous 
layer  in  circles  of  diffusion ;  consequently,  there  is  no  dis- 
tinct image  formed.    This  is  shown  in  Fig.  63.     Parallel  rays 


Figure  63. 

from  objects  infinitely  remote  meet  in  front  of  the  retina  at 
<p";  the  rays  from  each  point,  therefore,  crossing  at  9",  form 
on  the  retina  circles  of  diffusion;  hence,  infinitely  distant 
objects  are  indistinctly  seen  ;  for  sharp  vision  they  must  be 
brought  nearer  the  eye,  as  at  rt  so  that  the  rays  from  each 
point  of  the  object  may  enter  the  eye  divergently;  the  focus 
is  then  thrown  backwards,  as  in  the  figure ;  the  dotted  lines 
from  r  are  divergent  and  meet  in  a  focus  on  the  retina,  and 
there  is  a  sharply  defined  image  of  the  object ;  r,  then,  is  the 
far  point  of  distinct  vision,  and  the  measure  of  the  distance 
of  r  from  the  eye  (strictly  from  the  anterior  nodal  point) 
represents  the  grade  of  the  myopia.  As  near-sightedness 
depends  on  an  abnormal  increase  of  the  distance  of  the 
retina  from  the  optical  centre  of  the  eye,  it  follows,  that  the 
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greater  the  elongation  of  the  eye  posteriorly  the  nearer  is 
the  far  point  r. 

In  hypermetropia  parallel  rays  from  infinitely  remote  ob- 
jects form  a  virtual  focus  behind  the  retina,  but  if  the  grade 
be  not  too  high,  with  the  assistance  of  the  accommodation, 
the  eye  sees  at  an  infinite  distance.  In  myopia  the  action  of 
the  accommodation  brings  the  far  point  still  nearer  the  eye, 
and  thus  increases  the  defect  of  distant  vision.  When  the 
ciliary  muscle  is  completely  relaxed,  r  is  at  its  greatest  dis- 
tance ;  in  order  to  see  infinitely  remote  objects,  parallel  rays 
must  be  made  divergent  by  a  concave  lens,  and  enter  the  eye 
in  the  same  direction  as  if  they  came  from  /'.  -  Myopia  then 
consists  in  an  inability  to  distinctly  see  at  an  infinite  distance ; 
but  near  objects,  within  the  range  of  accommodation,  are 
recognized  perfectly.  The  existence  of  myopia  and  its  grade, 
may  be  determined  by  the  test-letters  of  Snellen.  The  patient 
is  directed  to  look  at  the  card  hanging  on  the  wall,  and  read 
No.  XX  at  20'.  If  he  cannot  do  this,  weak  concave  glasses 
are  placed  before  his  eyes ;  if  these  improve  his  vision,  then 
stronger  ones  are  tried  ;  perhaps  he  reads  some  of  the  larger 
letters  which  he  was  unable  to  make  out  with  the  naked  eye ; 
continuing  to  increase  their  power,  those  are  found  with  which 
he  reads  No.  XX.  We  have  now  the  glasses  which  enable  him 
to  see  infinitely  remote  objects,  and  their  focal  length  in- 
creased by  the  distance  they  are  held  from  the  eyes,  repre- 
sents the  grade  of  his  myopia,  that  is,  the  distance  of  r  from 
the  eye.  Stronger  glasses  than  these  render  his  vision  indis- 
tinct. For  illustration,  without  glasses,  he  sees  No.  C.  With 
—  4^,  he  reads  No.  LXX.  With  —  3^,  he  makes  out  L, 
changing  to  — -^  he  reads  No.  XL.  With  —  ^V,  No-  XXX. 
With — T'5,  he  clearly  sees  No.  XX.  This  is  the  proper  type 
for  the  emmetropic  eye  to  read  at  20'.  No.  —  T\  dims  his 
vision ;  hence  we  determine  that  he  has  myopia,  and  that  its 
degree  equals  7V  ;  r  is  \jff  from  the  anterior  nodal  point, 
allowing  the  glass  to  be  held  one  inch  from  the  eye.  Now, 
if  he  has  good  powers  of  accommodation,  he  may  see  remote 
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objects  equally  well  or  better  with  glasses  which  are  really 
too  strong,  because  then  the  eyes  are  rendered  hyperme- 
tropic, and  the  tension  of  the  ciliary  muscles  overcomes  this 
condition,  just  as  it  does  in  facultative  H. ;  he  sees  a  little  bet- 
ter, because  with  tension  of  accommodation  the  pupil  (which 
in  myopes  is  large)  is  diminished  in  size,  and  the  more 
circumferential  rays  are  excluded.  Hence,  the  weakest  con- 
cave glasses  which  make  No.  XX  distinctly  seen  at  20',  are 
the  proper  ones  to  neutralize  his  myopia  and  to  indicate  its 
degree;  whether  or  not  slightly  weaker  glasses  will  answer, 
can  be  determined  simply  by  removing  the  lenses  a  little 
farther  from  the  eyes ;  if  vision  be  then  equally  good  or 
better,  weaker  glasses  must  be  substituted  for  the  stronger 
ones.  As  it  is  desirable  to  save  time,  by  determining 
approximately  the  proper  focal  length  of  the  required  spec- 
tacles at  once,  without  going  through  the  tedious  process 
of  trying  many  different  numbers,  the  far  point  may  be  found 
with  tolerable  accuracy  by  directing  the  patient  to  read 
moderately  sized  print  —  No.  V  or  VI  Jaeger's  test-type 
(somewhat  smaller  than  the  letters  on  this  page),  at  the 
farthest  distance  from  the  eyes  at  which  they  can  be  sharply 
seen,  (if  the  far  point  be  very  near  the  eye,  still  smaller 
print  must  be  used.)  The  measure  of  this  distance  indi- 
cates with  tolerable  accuracy  the  grade  of  M.  If  this  be 
8",  then  place  before  his  eyes  glasses  —  J.  The  patient  will 
now  read  No.  XX.  If  he  cannot  do  this,  in  order  to  ascer- 
tain, without  removing  the  glasses  from  the  eyes,  if  stronger 
or  weaker  ones  are  required,  place  before  them  first  weak 
convex  glasses;  if  these  make  the  vision  still  more  dim, 
then  try  the  addition  of  weak  concave  glasses;  if  No.  XX 
be  now  easily  read,  the  first  glasses  —  \  are  not  quite  strong 
enough  and  a  higher  number  must  be  substituted.  The  re- 
fractive state  of  the  myopic  eye  can  be  determined  by  the 
ophthalmoscope.  As  the  retina  is  beyond  the  focus  of  the 
dioptric  apparatus,  there  will  be  an  inverted  aerial  image  of 
the  fundus  oculi  in  front  of  the  eye,  at  a  distance  proportional 
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to  the  degree  of  the  myopia.  Now  the  observer  can  see  this 
inverted  image.  If  he  knows  the  adjustment  of  his  own  eye 
and  its  distance  from  the  observed  eye  when  in  a  state  of  rest, 
he  has  only  to  subtract  his  own  adjustment  from  the  distance 
of  his  own  from  the  observed  eye,  and  the  difference  repre- 
sents the  degree  of  myopia.  For  illustration,  suppose  the 
observer's  eye  is  accommodated  for  a  point  8"  distant,  and 
it  sees  the  inverted  retinal  image  when  12"  from  the  observed 
eye,  then  12" — 8"=  4".  The  focus  of  rays  from  the  fundus 
oculi  of  the  observed  eye  lies  4"  in  front  of  the  eye  ;  the  degree 
of  myopia  =  |.  Another  method  of  determining  the  exist- 
ence of  myopia  and  its  degree,  is  by  what  Dr.  Knapp  calls 
Ophthalmoscopic  Optometry.  (This  method  is  applicable  to 
ametropia  in  all  its  forms,  and  for  measuring  the  elevations  and 
depressions  in  the  back-ground  of  the  eye.)  The  examination 
of  the  erect  image  is  made  by  holding  the  ophthalmoscope 
about  an  inch  from  the  examined  eye.  If  the  observed  and 
observer's  eye  be  emmetropic,  the  observer  sees  the  retina 
erect  and  sharply  defined.  The  rays  emerge  parallel,  and 
the  observer,  by  relaxing  his  accommodation,  unites  these 
in  his  retina  and  sees  an  erect  virtual  image  of  the  fundus. 
Now,  if  the  observer,  his  eye  being  emmetropic,  or  made  so 
by  a  proper  correcting-glass,  cannot  get  a  distinct  view  of 
the  retina  of  the  observed  eye,  the  latter  is  ametropic ;  the 
emerging  rays  are  either  divergent  or  convergent ;  they  must 
be  made  parallel  before  entering  the  observer's  eye.  In  hy- 
permetropia,  as  previously  explained,  the  emerging  rays  are 
divergent;  to  make  them  parallel,  requires  a  convex  lens; 
hence,  if  this  renders  the  fundus  still  more  indistinct,  there 
is  myopia,  and  concave  glasses  must  be  successively  placed 
behind  the  opening  in  the  ophthalmoscopic  mirror  until  one 
is  found  which  renders  the  erect  image  clearly  defined.  The 
focal  length  of  this  glass,  increased  by  its  distance  from  the 
eye,  gives  the  distance  of  the  anterior  conjugate  focus,  which 
represents  the  degree  of  myopia  of  the  observed  eye,  and 
this  concave  lens  will  be  the  proper  one  to  correct  the  error 
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of  refraction.  As  usually  several  lenses  have  to  be  succes- 
sively applied  before  the  proper  one  is  found,  Dr.  Loring, 
of  New  York  city,  has  devised  an  ophthalmoscope  consist- 
ing of  three  rotating  disks,  each  containing  a  number  of 
convex  and  concave  lenses,  so  that  by  simply  rotating  the 
disk  with  the  finger,  different  lenses  can  be  brought  behind 
the  opening  in  the  ophthalmoscopic  mirror  without  remov- 
ing it  from  the  eye.  Dr.  Knapp  has  improved  on  Dr.  Lor- 
ing's  instrument,  by  placing  two  disks  behind  the  mirror, 
one  containing  a  number  of  concave,  the  other  convex, 
lenses.  By  rotating  one  disk  on  the  other,  the  combination 
is  such,  that  a  lens  of  any  desired  strength  may  be  obtained 
in  a  few  moments.  This  obviates  the  necessity  of  remov- 
ing the  instrument  from  its  position  to  change  the  disks,  as 
may  be  necessary  in  Dr.  Loring's  instrument,  thus  saving 
time  and  the  annoyance  to  the  patient  of  a  more  protracted 
examination.  In  testing  the  eyes  for  myopia,  because  there 
is  more  distinct  vision  with  concave  glasses,  it  must  not  at 
once  be  taken  for  granted  that  this  anomaly  exists,  for  in 
certain  conditions  of  the  emmetropic  eye,  as  in  diffuse 
opacity  of  the  cornea,  or  an  abnormally  enlarged  pupil,  the 
contraction  of  the  latter  accompanying  the  tension  of  accom- 
modation necessary  to  neutralize  the  effects  of  concave 
glasses,  shuts  out  the  peripheral  rays,  which  fall  on  the 
retina  in  circles  of  diffusion,  and  thus  renders  the  details  of 
objects  more  sharply  defined.  So  in  spasm  of  the  ciliary 
muscle,  a  concave  glass  overcomes  the  effects  of  this  and 
makes  distant  vision  distinct,  although  the  eye  at  rest  is 
actually  emmetropic.  Each  eye  should  in  all  cases  be  exam- 
ined separately,  to  ascertain  the  difference  which  may  exist 
in  their  refractive  conditions. 

Comparative  Frequency  of  Myopia  in  Different  Classes 

of  Society. 

Near-sightedness  is  rarely  seen  in  persons  reared  in  the  coun- 
try, and  who  devote  themselves  to  occupations  requiring  but 
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little  exercise  of  sharp  vision  for  small  objects.  Among  this 
class,  hypermetropia  prevails  to  a  much  greater  extent.  M. 
is  much  more  frequently  met  with  in  cities,  particularly 
among  the  educated,  intelligent  classes.  It  is  not  equally 
prevalent  in  all  countries.  .  Donders  says  that  "  among  the 
states  of  Europe  visited  by  me,  I,  both  in  general  life  and  in 
the  cliniques,  nowhere  met  with  relatively  so  many  myopes 
as  in  Germany."  In  the  United  States  it  is  much  more  com- 
mon in  the  Eastern  and  Middle  States  than  in  the  West  and 
South.  The  great  number  of  persons  in  Boston  seen  wearing 
concave  spectacles,  is  a  subject  of  remark  with  many  Southern 
and  Western  visitors  to  that  city,  and  is  often  by  them  attributed 
to  a  desire  to  appear  fashionable.  The  real  cause  of  the  great 
prevalence  of  near-sightedness  in  that  city  is  undoubtedly 
the  same  as  in  the  cities  of  older  countries.  As  a  nation  or 
community  becomes  wealthy,  refined,  and  elevated  in  social 
position,  the  inhabitants  are  more  inclined  to  cultivate  the 
intellectual  faculties  ;  hence,  they  spend  much  time  in  close 
study,  requiring  a  great  and  prolonged  tension  of  accommo- 
dation in  reading,  writing,  etc.  They  usually  sit  bending 
over  a  desk,  in  a  stooping  position ;  the  abdominal  organs  are 
compressed,  preventing  the  free  return  of  the  blood  from  the 
head.  The  insufficient  illumination  at  many  schools  and  col- 
leges necessitates  the  bringing  of  the  eyes  very  near  the 
book,  so  as  to  obtain  a  larger  visual  angle,  and  as  the  book 
usually  rests  on  a  desk  or  table,  the  head  has  to  be  bent  over; 
this  posture  produces  an  increased  flow  of  blood  to  the  eyes, 
whilst  the  higher  degree  of  convergence  necessary  causes 
an  increased  pressure  of  the  lateral  recti  muscles  on  the 
equator  of  the  globe,  thus  increasing  the  intra-ocular  press- 
ure. The  congestion  of  the  fundus  oculi  causes  softening 
of  the  scleral  tissue,  which  gives  way  under  the  increased 
pressure,  and  the  organ  is  elongated  backward  {posterior 
staphyloma) ;  the  other  portions  of  the  sclerotic  coat  are  sup- 
ported by  the  broad  muscles.  The  retina  is  then  pushed 
backwards  behind  the  focus  of  the  dioptric  apparatus.    When 
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this  condition  once  commences,  all  the  causes  which  first 
gave  rise  to  it,  act  with  increased  force.  There  is  a  greater 
stooping  posture  necessary,  because  the  eyes  have  to  be 
brought  still  nearer  the  object;  an  increased  convergence  is 
demanded,  and  the  congestion  of  the  fundus  oculi  increases ; 
consequently,  the  softening  processes  progressively  augment, 
causing  the  posterior  portion  of  the  sclerotica  to  yield  more  and 
more.  Hence,  myopia  is  usually  progressive,  particularly  in 
its  higher  grades.  There  is  a  greater  tendency  to  the  devel- 
opment of  this  condition  of  the  eye  in  youth  from  the  causes 
above  mentioned,  because  then,  the  scleral  tissues  are  softer, 
and  consequently  more  yielding  than  in  later  life.  With  the 
increase  of  age  this  coat  hardens,  becomes  firmer  and  better 
able  to  withstand  intra-ocular  pressure ;  hence,  it  is  rare  that 
the  posterior  staphyloma  giving  rise  to  near-sightedness  com- 
mences after  the  twentieth  year  of  life.  If  great  and  pro- 
tracted tension  of  accommodation,  with  stooping  posture  and 
strong  convergence  will,  alone,  give  rise  to  the  development 
of  myopia,  we  should  expect  to  find  this  anomaly  of  frequent 
occurrence  among  tailors,  needle-women,  embroiderers,  lace- 
makers,  and  in  other  occupations  involving  similar  conditions. 
But  among  these,  M.  is  much  more  rarely  developed  than  in 
the  wealthier  and  more  intellectual  classes.  The  compara- 
tive exemption  of  the  former  class  is,  no  doubt,  partly  due 
to  the  fact  that  they  do  not  engage  in  these  occupations 
until  the  age  of  sixteen  or  eighteen  years,  when  the  scleral 
tissue  has  become  sufficiently  firm  to  resist  the  additional 
intra-ocular  pressure ;  while,  in  the  latter  class,  myopia 
begins  to  develop  in  children  while  attending  school. 
Among  the  latter  it  is  probable,  too,  that  another  factor 
is  brought  into  action.  It  is  a  well-established  fact,  that 
when  the  mind  is  intensely  engaged  in  thought  an  increased 
quantity  of  blood  is  thrown  to  the  brain,  and,  as  a  con- 
sequence, more  blood  enters  the  eye,  and  the  congestion 
of  the  fundus  oculi  is  by  this  cause  still  farther  increased. 
Near-sightedness  is  very  prevalent  among  students   of  uni- 
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versities  and  colleges.  Mr.  Ware  found  it  particularly  so  at 
Cambridge  and  Oxford.  In  the  latter  institution  thirty-two 
out  of  one  hundred  and  twenty-seven  of  the  students  wore 
concave  glasses.  It  would  be  a  matter  of  much  interest,  and 
tend  to  the  advancement  of  ophthalmological  science,  if,  in 
the  different  institutions  of  learning,  accurate  statistics  were 
kept  of  the  number  of  students  wearing  concave  glasses,  in 
proportion  to  those  having  normal  vision,  and  to  ascertain 
whether  myopes  are  not  usually  more  studious,  thus  exer- 
cising, to  a  greater  degree,  both  tension  of  accommodation 
and  their  intellectual  faculties. 

While  these  pages  were  passing  through  the  press,  a  copy 
of  the  "  Medical  Record  "  was  received,  containing  the  fol- 
lowing summary  of  the  results  of  examinations  made  of  a 
large  number  of  children  attending  school : 

"Examination  of  the  Eyes  of  School- children, —  One  of  the 
most  interesting  as  well  as  important  of  the  papers  read  at 
the  recent  meeting  of  the  American  Social  Science  Associa- 
tion, at  Detroit,  was  by  Dr.  Webster,  assistant  to  Prof.  C.  R. 
Agnew,  of  this  city,  and  contained  the  statistical  results  of 
examinations  made  of  the  vision  of  school-children  in 
Brooklyn,  Cincinnati,  and  New  York.  In  these  cities,  the 
eyes  of  two  thousand  eight  hundred  and  eighty-four  scholars 
of  both  sexes,  ranging  in  age  from  six  to  twenty-six  years, 
had  been  examined,  and  the  conditions  as  to  refraction  and 
disease  noted.  At  the  same  time,  the  state  of  the  school- 
rooms, as  regards  light,  desks,  heating,  and  ventilation,  was 
observed,  as  well  as  the  length  and  distribution  of  the  time 
devoted  to  study,  and  other  facts  which  might  affect  health. 

"  Drs.  Ayres  and  Williams  examined  the  eyes  of  one 
thousand  two  hundred  and  sixty-four  scholars  in  Cincinnati, 
one-third  of  whom  attended  district  schools,  one-third  the 
intermediate,  and  the  remainder  were  pupils  in  the  normal 
and  high  schools.  In  the  district  schools  1 3*3  percent,  were 
near-sighted  (1 1*3  per  cent,  of  the  boys  and  15*3  per  cent,  of 
the    girls).     In    the    intermediate    schools    13*8   were    near- 
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sighted  (95  per  cent,  of  the  boys  and  181  per  cent,  of  the 
girls).  In  the  normal  and  high  schools  228  per  cent,  were 
near-sighted  (22*2  per  cent,  of  the  boys  and  232  per  cent,  of 
the  girls). 

"  Drs.  Prout  and  Mathewson  examined  the  eyes  of  six  hun- 
dred students  at  the  Polytechnic,  in  Brooklyn,  all  of  whom 
were  boys,  two  hundred  and  eighty-four  belonging  to  the 
academic  and  three  hundred  and  sixteen  to  the  collegiate 
department.  Of  the  former  9/2  per  cent,  were  near-sighted, 
and  of  the  latter  2i'8  per  cent. 

"  Dr.  Cheatham  examined  the  eyes  of  one  thousand  and 
twenty  boys  in  the  College  of  the  City  of  New  York ;  six 
hundred  and  seventy  belonging  to  the  introductory  class, 
two  hundred  and  ten  to  the  freshmen,  one  hundred  and  ten  to 
the  sophomores,  and  thirty  to  the  juniors.  In  the  introductory 
class,  which  is  made  up  entirely  of  students  who  have  passed 
the  public  schools,  219  per  cent,  were  near-sighted;  of  the 
eyes  of  the  freshmen,  262  per  cent,  were  near-sighted  ;  of 
the  sophomores  227  per  cent.,  and  of  the  juniors  examined 
50  per  cent  were  near-sighted,  although  of  the  juniors  the 
number  examined  was  too  small  to  be  of  any  scientific 
value. 

"The  tables  which  were  based  on  these  observations  show 
that  staphyloma  posticum,  one  of  the  gravest  organic  changes 
in  progressive  near-sightedness,  increased  from  05  per  cent, 
in  the  district  schools  to  76  per  cent,  in  the  intermediate, 
and  104  per  cent,  in  the  normal  and  high  schools.  In  one 
of  the  large  schools,  in  which  a  careful  ophthalmoscopic 
examination  was  made  of  every  scholar,  out  of  about  one 
thousand  scholars  the  eyes  of  seven  hundred  and  three  were 
found  to  deviate  otherwise  than  in  refraction  from  the  normal 
standard." 

Since  it  has  been  definitely  determined  that  near-sighted- 
ness does  not  depend  on  a  greater  degree  of  convexity  of  the 
cornea,  some  have  thought  that  it  may  sometimes  arise  from 
an    increased    convexity   of  the  crystalline  lens   {.p/i'siof>i<i^, 
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induced  by  long-continued  tension  of  accommodation,  so 
that  when  the  ciliary  muscle  is  relaxed  the  crystalline  does 
not  return  to  its  normal  form  when  at  rest.  Stellwag,  after 
expressing  doubts  as  to  excessive  curvature  of  the  cornea 
ever  being  the  cause  of  true  myopia,  adds:  "  On  the  other 
hand,  increased  convexity  of  the  crystalline  can  scarcely  be 
denied  to  be  a  cause  of  myopia."  But  this  form  of  near-sight- 
edness "always  remains  of  a  low  grade."  Donders  at  one 
time  entertained  similar  views,  but  after  a  more  extended 
observation,  embracing  more  than  twenty-five  hundred  cases 
of  near-sightedness,  in  all  of  which  he  was  able  to  determine 
the  cause,  says :  "  No  cases  remained  in  which  I  was  obliged 
to  take  refuge  in  extraordinary  convexity  of  crystalline  lens." 

Congenital  Predisposition  to  Myopia. 

Myopia  is  almost  universally  regarded  as  a  hereditary  dis- 
ease. The  hypermetropic  eye  never,  and  the  emmetropic 
one  rarely  becomes  near-sighted  without  a  predisposition  to 
it,  derived  from  ancestors.  "  But  that  having  once  occurred, 
the  M.  is  often  transmitted  as  predisposition  to  posterity,  and 
under  fresh  exciting  causes  is  developed  to  its  higher 
degrees.  Thus  the  hereditary  principle  accumulates  in  the 
posterity,  the  effect  of  the  causes  repeated  in  every  genera- 
tion." (Donders.)  When  a  young  person  with  M.  presents 
himself  for  examination,  almost  invariably,  when  questioned, 
he  will  reply  that  one  or  both  of  his  parents  and  grand- 
parents had  a  similar  affection,  and  that  some  of  his  brothers 
or  sisters  are  also  near-sighted.  In  the  South  and  West  the 
few  cases  seen  are  in  certain  families,  and  generally  several 
members  are  likewise  afflicted.  When  once  developed  in 
youth,  even  in  a  slight  degree,  its  tendency  is  to  increase; 
the  prevailing  opinion  that  it  diminishes  with  age  is  incorrect. 
All  eyes,  the  myopic  as  well  as  the  hypermetropic  and  em- 
metropic, undergo  the  usual  senile  changes,  and  if  in  middle 
life  the  M.  be  still  of  low  degree,  these  changes  will  cause  p 
and  r  to  recede,  but  the  abnormal  elongation  of  the  eye  does 
not  diminish. 
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Myopia  at  a  Distance. 

It  sometimes  occurs  that  persons  have  normal  near  vision, 
but  are  unable  distinctly  to  see  remote  objects.*  Graefe  ac- 
counts for  this  by  supposing  that  in  the  effort  to  relax  the 
accommodation  for  distant  vision  a  spasm  of  the  ciliary  mus- 
cle takes  place,  preventing  the  lens  from  assuming  its  nor- 
mal flattened  condition  when  the  eye  is  at  rest.  Donders 
states  that  he  has  never  seen  a  case  in  which  this  condition 
of  spasm  existed,  but  has  always  accounted  for  M.  at  a  dis- 
tance by  finding  an  abnormally  enlarged  pupil,  which  per- 
mitted large  circles  of  diffusion  from  the  peripheral  rays. 
In  the  case  mentioned  in  the  foot-note,  the  patient,  by  look- 
ing through  a  small  opening,  saw  No.  XX  at  20',  which 
would  not  have  been  the  case  had  the  lens  been  too  convex. 

Anatomical  Changes  in  the  Fundus  Oculi  in  Myopia. 

Since  the  invention  of  the  ophthalmoscope,  changes  tak- 
ing place  in  the  fundus  of  the  eye  can  be  detected,  and  their 
progress  carefully  observed.  By  means  of  this  instrument  it  is 
clearly  shown  that  the  myopic  is  a  diseased  eye,  and  that  the 
grade  of  the  M.  is  proportionate  to  the  degree  of  extension 
caused  by  these  morbid  anatomical  changes;  hence,  myopia 
and    staphyloma   posticum   are    nearly  synonymous    terms. 

*  An  interesting  case  of  myopia  at  a  distance  came  under  my  observation  in 
the  latter  part  of  the  year  1872.  A  gentleman,  some  thirty  years  of  age,  consulted 
me  for  this  affection.  He  read  No.  1  Jaeger  at  8// and  i6// with  the  naked  eye,  but 
at  y  was  barely  able  to  make  out  No.  XX  Snellen  test-types.  At  20'  he  read 
No.  CC.  With  glasses  —  y1^  he  read  No.  XX  at  20';  by  looking  through  a 
small  hole  in  a  blackened  metal  plate,  he  read  No.  XX  without  glasses.  He 
stated  that  when  a  youth  he  put  on  concave  spectacles  and  wore  them  because 
he  thought  it  fashionable,  although  his  sight  was  perfect  without  them.  For  dis- 
tant vision  he  had  found  it  necessary  to  gradually  increase  the  strength  of  his 
glasses,  but  for  near  objects  he  did  not  use  them,  and  could  read  and  write 
perfectly  at  the  usual  distance  for  emmetropic  eyes.  1 1  is  occupation  was  that  of 
a  book-keeper.  His  eyes  were  morbidly  sensitive  to  a  very  strong  light,  and  in 
attending  the  theatre  he  looked  constantly  through  an  opera-glass,  but  suffered 
much  the  next  day. 
*5 
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The  extension  of  the  posterior  part  of  the  sclerotic  coat  is 
generally  uniform  in  all  its  parts ;  the  globe  then  exhibits  a 
regularly  ellipsoid  form.  The  extension  takes  place  at  the 
expense  of  the  thickness  of  the  scleral  tissue;  consequently, 
in  high  degrees  of  staphyloma  posticum,  this  coat  becomes, 
in  the  region  of  the  posterior  scleral  pole,  as  thin  as  paper. 
Sometimes,  when  the  eye  is  turned  far  inwards,  the  dark 
pigment  of  the  choroid  can  be  seen  shining  through  the 
thinned  scleral  tissue,  giving  it  a  dark  appearance ;  and 
when  the  eye  is  removed  from  its  orbit,  light  passing  into  it 
through  the  pupil  can  be  distinctly  seen  shining  through 
the  atrophied  part  of  the  sclerotic  coat.  As  the  firm, 
dense  sclerotica  gives  the  eye  its  form  and  retains  the 
interior  structures  in  position,  it  follows  that  if  this  be  at 
any  part  extended,  the  parts  lying  adjacent  will  also 
be  correspondingly  changed  in  position  and  similarly  ex- 
tended. Thus  we  find  that  the  choroid  coat  also  becomes 
extended  and  atrophied,  particularly  on  the  outside  of  the 
optic  disk,  with  diffuse  atrophy  in  other  places,  accompanied 
by  morbid  changes  in  the  region  of  the  yellow  spot.  While 
the  sclerotica  attains  its  greatest  thinness  around  the  pos- 
terior scleral  pole,  the  choroid  becomes  thinnest  around  the 
outer  edge  of  the  optic  disk,  forming,  in  advanced  degrees  of 
myopia,  a  white,  shining,  concentric  disk,  resembling  in  shape 
a  meniscus.  At  a  little  distance  from  the  edge  of  the  optic 
papilla,  the  sclerotic  coat  receives  the  outer  sheath  of  the 
optic  nerve  and  is  strengthened  by  this  coalition.  The 
scleral  coat  around  the  nerve  entrance,  before  it  receives  these 
additional  fibres,  is  thinner,  consequently  more  distensible. 
The  choroid  is  firmly  attached  to  and  rests  on  the  inner 
sheath  of  the  optic  nerve,  which  is  supported  by  the  thin 
sclerotic  coat,  and  is  prolonged  among  the  nerve  tissues,  to 
which  it  is  also  adherent.  The  thinner  and  less  resisting 
part  of  the  scleral  coat  and  inner  sheath  of  the  optic  nerve, 
immediately  around  the  disk,  give  way,  and  the  choroid 
lying  on  it  is  distended ;  the  pigment  cells  are  obliterated, 


CHANGES    IN    THE    FUNDUS    OCULI     IN    MYOPIA.  227 

and  the  chorio-capillaris  no  longer  carries  red  blood,  and 
there  remains  the  marbled-white  crescent-shaped  atrophy. 
If  the  distension  extends  entirely  around  the  disk,  the  atro- 
phic crescent  becomes  annular.  The  extension  of  the  parts 
surrounding  the  optic  nerve  entrance  enlarges  the  size  of 
the  blind  spot,  by  increasing  its  non-sensitive  nerve  surface. 
In  myopia  the  retina  undergoes  fewer  marked  changes  than 
either  the  choroid  or  sclerotica.  The  position  of  the  yellow 
spot  is  changed  ;  it  approaches  the  posterior  scleral  pole,  so 


Figure  64. 

that  the  visual  line  more  nearly  corresponds  with  the  ocular 
axis.  This  is  shown  in  Fig.  64,  after  Donders.  It  will  be 
seen  that  the  visual  line  /  v  forms  a  very  small  angle  with 
the  long  axis  of  the  cornea,  a  g.  Compare  with  Figs.  22 
and  62,  on  pages  74  and  193. 

In  very  high  degrees  of  near-sightedness,  the  fovea  cen- 
tralis may  even  pass  to  the  inside  of  the  posterior  scleral 
pole;  then,  the  axis  of  vision  cuts  the  cornea  outside  of 
its  zenith.  The  apex  of  the  scleral  ellipsoid  is  generally 
found  to  be  situated  at  or  near  the  region  of  the  yellow 
spot;  hence,  this  part  of  the  retina  is  more  extended;  con- 
sequently, more  liable  to  morbid  changes,  causing  the  func- 
tions of  the  retina  to  suffer,  which  is  particularly  noticed  in 
central  vision.  u  It  is  easy  to  see,  although  it  has  not  been 
proved  by  accurate  microscopic  investigation,  that  under  such 
extension  the  outermost  layer,  which  consists  of  radiatingly 
placed  very  small  bulbs,  must  suffer  ;  that  these  bulbs  at  least 
must  be  separated,  irregularly  distributed,  and  made  oblique, 
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and  that  they  must  easily  be  actually  destroyed.  In  other 
parts,  too,  of  the  retina,  the  rods  and  bulbs,  as  we  have  seen, 
appeared  to  be  more  separated."  (Bonders.)  Nearly  always 
with  great  development  of  posterior  staphyloma,  inflamma- 
tory symptoms  supervene,  causing  morbid  deposits,  hem- 
orrhage in  the  vitreous,  sub-retinal  effusions,  etc.  The  vitreous 
humor  loses  its  gelatinous  form,  and  becomes  fluid,  and  more 
or  less  turbid,  thus  diminishing  its  transparency. 

Vision  of  Near-sighted  Persons. 

It  often  happens  in  the  lower  grades  of  myopia,  where  the 
error  of  refraction  does  not  amount  to  more  than  T'5  or  £$, 
that  the  existence  of  it  is  unknown  to  the  person  himself, 
and  he  only  discovers  the  defect  by  accidentally  trying  on 
concave  glasses,  when  he  finds  that  he  can  distinctly  see 
objects  at  much  greater  distances  than  with  the  naked 
eye.  If  the  degree  of  M.  remains  stationary,  he  will  prob- 
ably be  able  to  read  fine  print  without  convex  glasses  at  fifty- 
five  or  sixty  years  of  age.  The  tardy  recession  of  the  near 
point  will  compensate  for  the  diminution  in  the  range  of 
accommodation  from  senile  changes,  until  a  late  period 
of  life.  Persons  with  myopia  of  higher  grade  and  good 
range  of  accommodation,  have  a  habit  of  bringing  small  ob- 
jects much  nearer  the  eyes  than  there  is  any  necessity  for, 
and,  as  it  is  often  inconvenient  to  elevate  their  books  or  work 
sufficiently,  they  habitually  bend  the  body  so  as  to  assume 
a  stooping  position,  the  more  so  the  higher  the  degree  of 
near-sightedness.  The  pupils  of  myopes  are  almost  always 
larger  than  in  emmetropic  eyes,  and  as  distant  objects  are 
seen  in  circles  of  diffusion,  they  acquire  the  habit  of  partially 
closing  their  lids,  in  order  to  shut  out  as  much  as  possible 
the  diffusion  circles  from  the  ununited  peripheral  rays.  This, 
with  wrinkling  of  the  skin  of  the  forehead,  gives  the  features 
a  peculiar  expression,  by  which  the  myope  may  easily  be 
recognized ;  this  habit  is  often  kept  up  even  after  the  error 
of  refraction  is  entirely  neutralized  by  concave  glasses,  and 
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the  necessity  for  using  the  lids  as  a  stenopaeic  apparatus  no 
longer  exists.  In  low  grades  of  myopia,  when  the  far  point 
is  less  than  14",  and  in  medium  degrees  when  r  lies  between 
6"  and  14",  the  vision  within  the  range  of  accommodation  is 
just  as  good  as  it  is  in  the  emmetropic  eye;  beyond  the  far 
point,  all  objects  are  seen  in  diffusion  circles.  As  small 
objects,  to  be  sharply  defined,  are  held  much  nearer  in 
myopic  than  in  emmetropic  eyes,  the  visual  angle  under 
which  they  are  seen  is  proportionally  larger  ;  consequently,  a 
larger  image  is  formed  on  the  retina,  thus  impressing  a  larger 
number  of  percipient  elements.  In  addition  to  this,  my- 
opes having  larger  pupils,  see  with  a  more  feeble  illumi- 
nation ;  they  prefer  for  reading,  fine  print ;  they  write  a 
fine  hand,  make  small  stitches  in  sewing,  embroidery,  etc. 
While  they  see  small  near  objects  in  a  feeble  light,  on  the 
contrary,  distant  vision  is  improved  by  a  bright  illumination, 
because  the  strong  light  contracts  the  pupil,  and  thus  dimin- 
ishes the  size  of  the  diffusion  circles.  For  this  reason,  rt  in 
myopes,  is  Considerably  removed,  by  looking  through  a  small 
hole  in  a  blackened  card  or  metal  plate.  When  the  degree 
of  myopia  is  greater  than  £,  there  is  generally  more  or  less 
disturbance  of  near  vision  ;  indeed,  considering  the  morbid 
changes  which  have  taken  place  at  the  fundus  of  the  eye,  and 
which  are  still  progressive,  it  could  scarcely  be  otherwise. 
The  free  use  of  the  eyes,  in  looking  at  small  objects,  produces 
a  feeling  of  tension,  and  they  become  painful;  this  condition 
is  often  followed  by  redness  of  the  conjunctiva,  and  an  in- 
creased flow  of  tears.  Muscae  volitantes  (floating  dark 
spots)  make  their  appearance  in  the  field  of  vision  ;  although, 
under  certain  circumstances,  these  can  be  seen  in  healthy 
eyes,  as  stated  in  the  chapter  on  Entoptic  Phenomena,  in 
very  high  grades  of  M.,  they  are  larger,  more  numerous,  and 
are  constantly  in  the  visual  field.  Their  increase  in  size  and 
numbers  is  caused  by  morbid  changes  in  the  vitreous,  and 
when  they  seriously  disturb  vision,  the  ophthalmoscope  gen- 
erally reveals  turbidity  of  this  portion  of  the  refractive  media. 
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The  constant  appearance  of  floating  bodies  is  a  very  alarming 
symptom  to  myopes,  particularly  if  they  allow  the  mind  to  be 
continually  fixed  on  the  subject.  Donders  says :  "  I  have 
seen  instances  in  which  anxiety  about  muscae  volitantes 
amounted  to  true  monomania,  against  which  all  reasoning 
and  the  most  direct  demonstrations  were  in  vain."  Other 
subjective  symptoms  appear,  known  as  photopsia ;  they  con- 
sist of  sparks,  luminous  chains,  flashes  of  light,  brightly 
illuminated  white  or  colored  rings,  and  they  often  appear  in 
the  field  of  vision,  more  frequently  seen  in  darkness  than 
in  daylight,  and  are  very  alarming  to  the  sufferer.  Their 
appearance  is  an  indication  that  serious  morbid  changes  have 
taken  place  in  the  fundus  of  the  eye,  and  that  true  amblyopia 
is  rapidly  approaching ;  vision,  however,  may  still  remain 
tolerably  uniform  for  a  long  time,  particularly  if  great  care 
be  exercised  in  the  use  of  the  eye,  and  all  excesses  and 
irregularities  of  habits  are  avoided.  In  high  grades  of  near- 
sightedness there  is  no  distinct  vision  beyond  a  few  inches 
from  the  eyes,  without  neutralizing  glasses ;  consequently, 
the  myope  cannot  fix  the  countenance  of  a  person  with 
whom  he  is  conversing.  He  gazes,  as  it  were,  into  vacancy. 
As  he  cannot  see  the  ground  distinctly,  he  walks  in  a  careful, 
hesitating  manner;  hence,  he  has  a  peculiar  gait  by  which 
his  infirmity  may  often  be  recognized.  As  a  consequence 
of  the  morbid  changes  and  great  extension  of  the  retina  in 
the  region  of  the  fovea  centralis,  sharp  central  vision  is 
greatly  impaired ;  the  cones  become  irregularly  separated, 
some  are  oblique,  the  functions  of  others  impaired  by  morbid 
deposits  ;  hence,  straight  lines  often  appear  irregularly  curved, 
but  parts  of  words  or  letters  are  seen,  or  some  even  may  be 
entirely  absent.  The  myope  now  sees  very  small  letters  bet- 
ter than  larger  ones,  because  the  smaller  retinal  image  covers 
fewer  of  the  displaced  or  disorganized  sensitive  nerve  fibres, 
or,  is  formed  on  some  part  of  the  yellow  spot  that  has  under- 
gone fewer  morbid  changes.  These  disturbances  of  central 
vision  usually   first  appear  in  one  eye,   but   it  is   not  long 
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before  the  other  is  similarly  affected.  The  greatest  appre- 
hensions of  total  loss  of  direct  vision  will,  in  all  probability, 
be  sooner  or  later  realized. 


Insufficiency  of  the   Internal   Recti  Muscles  —  Muscular 
Asthenopia  —  Diverging  Strabismus. 

For  binocular  vision,  the  eyes  must  converge  so  that  the 
visual  lines  meet  at  the  point  of  fixation ;  hence,  the  nearer 
the  object  is  to  the  eyes,  the  greater  must  be  the  degree  of 
convergence.  In  the  higher  grades  of  myopia,  small  objects 
have  to  be  held  much  nearer  the  eyes  than  in  emmetropia, 
consequently,  they  must  converge  more;  this  necessitates  an 
increased  action  of  the  internal  recti  muscles ;  more  actual 
energy  is  required  to  adjust  the  eyes  for  the  binocular  near 
point,  and  more  potential  energy  is  necessary  in  order  to 
keep  up  the  proper  adjustment  for  long-continued  near  vision. 
Owing  to  the  ellipsoid  form  of  myopic  eyes,  the  antero- 
posterior diameter  is  elongated ;  the  position  of  the  centre 
of  motion  is  relatively  moved  forwards  on  the  visual  axis;  so 
that  it  is  farther  from  the  posterior  surface,  and  also  from  the 
anterior  surface  of  the  eye;  hence,  to  produce  the  same 
amount  of  changes  in  the  direction  of  the  ocular  axes,  or,  in 
other  words,  for  equal  degrees  of  rotation,  greater  excursions, 
both  of  the  apex  of  the  cornea  and  of  the  posterior  scleral 
pole,  are  necessary.  In  the  higher  degrees  of  myopia,  the 
yellow  spot  is  drawn  towards  the  posterior  scleral  pole,  so 
that  the  visual  line  passes  through  the  cornea  very  near  its 
apex,  or  even  to  its  temporal  side  ;  this  of  itself  renders  a 
much  higher  degree  of  excursion  of  the  ocular  axes  neces- 
sary for  equal  distances  of  the  point  of  fixation  than  in 
emmetropic  eyes;  but  as  in  myopia,  p  is  much  nearer  the 
eye,  the  convergence  must  be  proportionally  greater.  For 
these  reasons,  it  is  evident  that  in  high  degrees  of  M.  a 
much  greater  amount  of  exertion  is  demanded  of  the  internal 
recti  muscles,  to  produce  and  sustain  the  required  degree  of 
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convergence  for  binocular  vision  of  small  objects  ;  the  higher 
the  degree  of  near-sightedness,  the  greater  is  the  demand  for 
increased  action  and  strength  of  the  muscles  of  convergence. 
Their  power  is  often  insufficient  to  converge  the  eyes  to  the 
binocular  near  point,  or  the  muscles  may  produce  the  re- 
quired convergence,  but  are  deficient  in  the  potential  energy 
necessary  to  maintain  the  adjustment.  "  Insufficiency  of  the 
inivard  movement  we  assume,  when  the  visual  lines  cannot  be 
brought  to  intersect  at  a  distance  of  2r/*5,  at  which  they  cut 
one  another  under  an  angle  of  about  510."  {Bonders.)  If 
the  myopia  has  developed  slowly,  the  internal  recti  muscles 
may  have  gradually  increased  in  size  and  strength  suffi- 
ciently to  perform  the  excessive  labor  demanded  of  them ; 
but  often,  particularly  if  the  development  has  been  rapid, 
there  is  a  want  of  power  of  one  or  both  of  these  muscles  to 
long  maintain  the  required  tension;  when  one  fails, it  permits 
the  external  rectus  to  turn  the  eye  outwards,  and  the  object 
is  then  seen  double.  When  once  the  insufficiency  of  an  in- 
ternal rectus  has  manifested  itself,  it  does  not  readily  regain 
its  strength,  even  after  a  considerable  period  of  rest ;  and  it 
becomes  less  and  less  able  to  sustain  prolonged  action,  until 
finally  the  insufficiency  becomes  so  annoying  that  artificial 
assistance  must  be  rendered,  or  binocular  vision  given  up. 
The  weakness  of  the  muscle  can  easily  be  shown  by  directing 
the  patient  to  read  fine  print,  held  in  the  horizontal  plane,  or  a 
little  lower,  before  the  eyes,  and  watching  the  result;  soon  one 
eye  will  be  seen  to  waver  for  a  moment,  and  then  deviate  out- 
wards. Another  test  is  to  place  a  weak  prism  before  one  of  the 
eyes  when  they  are  adjusted  for  near  vision,  with  its  angle  up 
or  down.  Few  eyes  can  overcome  a  prism  of  2°  with  its 
refractive  angle  upwards  or  downwards,  so  as  to  fuse  the 
double  images,  one  of  which  will  appear  in  a  vertical  line 
above  the  other.  Single  vision  once  removed,  a  muscle  over- 
strained gives  way,  and  seeks  an  equilibrium  with  its  opponent 
according  to  the  relative  strength  of  the  two.  When  normal 
eyes  are  adjusted  for  parallel  rays,  only  very  weak  prisms, 
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with  their  angle  outwards,  can  be  overcome  ;  but  with  the 
angle  turned  inwards,  the  internal  rectus  can  overcome  a  prism 
of  from  200  to  25  °,  so  as  to  fuse  the  double  images ;  but  this 
difference  diminishes  as  the  object  approaches  the  near  point, 
where  the  power  of  abduction  and  adduction  is  nearly  equal. 
Here,  if  there  is  an  insufficiency  of  one  internal  rectus  muscle, 
the  extent  of  it  can  be  found  by  placing  before  one  of  the  eyes 
a  weak  prism  with  its  angle  up  or  down,  while  looking  at 
a  small  ink  spot  on  a  piece  of  paper ;  soon  the  weakened 
muscle  will  waver,  then  give  way,  and  the  eye  will  turn  out- 
wards. There  will  be  seen  two  objects  some  distance  apart 
laterally,  but  in  different  planes.  Another  prism,  with  its 
angle  outwards,  that  will  make  these  images  stand  in  a 
vertical  line  one  above  the  other,  represents  the  degree  of  the 
insufficiency. 

The  power  of  convergence  is  considerably  greater  when 
the  eyes  are  directed  below  the  visual  plane,  and  gradually 
diminishes  as  they  are  turned  upwards,  hence,  the  binocular 
near  point  is  farther  from  the  eyes,  when  they  are  elevated 
considerably  above  the  visual  plane.  It  is  a  little  nearer 
below  than  when  the  visual  lines  rest  in  this  plane.  The 
disturbing  symptoms  in  insufficiency  of  the  internal  recti 
muscles  depend  on  exhaustion  and  fatigue  from  overstrained 
muscular  tension,  in  maintaining  for  a  length  of  time  the 
proper  degree  of  convergence  for  near  vision  of  small  objects, 
causing  nervous  and  vascular  excitement.  There  is  no  defi- 
ciency in  the  action  of  the  ciliary  muscles,  for  they  can  adjust 
the  eyes  in  monocular  vision  to  a  point  considerably  nearer 
than  the  point  indicating  the  maximum  degree  of  binocular 
convergence.  In  fatigue  and  giving  way  of  the  muscles  of 
accommodation,  the  borders  of  letters  widen  out  and  become 
indistinct;  but  in  muscular  asthenopia,  the  letters  overlap  or 
are  seen  double,  showing  that  the  accommodative  adjustment 
is  still  perfect,  but  that  the  visual  lines  are  not  directed  to  the 
same  point.  There  is  a  tendency  to  hold  the  book  or  work 
as  far  from   the   eyes   as   possible,  in   order  to    diminish   the 
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degree  of  convergence,  also  to  hold  the  object  a  little  on  the 
side  of  the  eye  having  the  weaker  internal  rectus  muscle ; 
but,  in  spite  of  these  efforts,  the  eye  finally  deviates  outwards, 
and  relief  is  obtained  by  excluding  it,  and  using  but  a  single 
eye  for  near  vision.  Double  vision  is  much  less  annoying  to 
the  myope  than  to  the  hypermetrope,  owing  to  the  fact  that 
the  retinal  images  are  so  diffuse  in  the  deviating  eye  that 
physical  exclusion  is  much  more  easily  attained;  the  higher 
the  degree  of  myopia  the  easier  it  is  to  withdraw  the  atten- 
tion from  the  images  formed  on  the  retina  of  the  deviating 
eye.  Insufficiency  of  the  internal  recti  muscles  is  said  to  be 
hereditary ;  many  members  of  certain  myopic  families  suffer 
from  it,  while  other  families,  having  equal  or  higher  grades 
of  near-sightedness,  are  exempt.  Another  cause  of  muscular 
asthenopia  is  a  great  and  sudden  disturbance  of  associations 
which  should  exist  between  the  innervation  of  the  ciliary  and 
the  internal  and  external  recti  muscles  :  this  disturbance  is 
particularly  manifested  when  the  posterior  staphyloma  has 
so  rapidly  developed  that  relative  convergence  and  relative 
accommodation  have  not  had  time  to  adapt  themselves  to  the 
changed  conditions  of  association. 

Divergent  Strabismus. 

As  already  stated,  hypermetropia  is  the  cause  of  a  large 
majority  of  the  cases  of  convergent  squint.  As  myopia  is  a 
condition  of  the  eye  exactly  the  reverse  of  hypermetropia, 
we  find  that  most  of  the  cases  of  divergent  squint  are  the 
result  of  this  opposite  condition  of  the  eyes.  In  H.  the 
accommodation  is  in  excess  of  convergence,  for  when  the 
visual  axes  are  parallel  and  the  convergence  =  o,  a  certain 
amount  of  accommodation  is  necessary  for  distinct  vision, 
and  for  every  degree  of  convergence  there  is  an  excess  of 
accommodation.  When  the  binocular  accommodation  has 
reached  its  maximum,  the  positive  part  of  relative  accommo- 
dation soon  fails  to  keep  the  accommodative  adjustment  within 
the  line  of  relative  accommodation.     The  effort  causes  the 
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ciliary  muscles  to  tire  from  excessive  labor,  and  accommo- 
dative asthenopia  is  the  result.  There  is  an  inclination  to  con- 
verge more,  so  as  to  obtain  the  benefit  of  relative  accommo- 
dation ;  this  can  only  be  accomplished  by  causing  the  visual 
lines  to  cross  each  other  at  a  nearer  point  than  the  one  of 
binocular  fixation ;  and  as  there  still  remains  actual  and  po- 
tential energy  of  the  internal  recti  muscles,  the  squint  is  the 
result — binocular  indistinct  is  sacrificed  to  monocular  dis- 
tinct vision.  Now,  in  myopia,  when  the  eyes  are  directed  to 
the  far  point,  accommodation  =  O;  but  then,  there  is  conver- 
gence equal  to  the  degree  of  myopia,  and  this  excess  of  con- 
vergence continues  for  every  point  on  the -line  of  binocular 
distinct  vision.  When  the  eyes  have  reached  the  maximum 
state  of  convergence,  the  potential  energy  of  the  internal  recti 
muscles  is  soon  exhausted  ;  one  tires,  gives  way,  and  the 
eye  turns  outwards.  There  still  remains  more  or  less  of 
the  power  of  accommodation.  In  H.,  the  accommodation 
is  in  excess  of  convergence;  in  M.,  the  convergence  is  in 
excess  of  accommodation.  In  each,  within  the  range  of  bi- 
nocular vision,  the  relative  associations  for  a  time  compensate 
for  the  difference  of  innervation  between  the  lateral  recti  and 
ciliary  muscles;  but  when  the  limits  exceed  the  compensating 
power  of  relative  association,  there  ceases  to  be  distinct 
binocular  vision,  or  it  is  only  attained  by  excessive  muscular 
tension,  leading  to  asthenopia  and  its  attending  symptoms. 
As  soon  as  the  object  is  brought  nearer  than  the  extreme^ 
limit  of  convergence  in  binocular  vision,  relative  diverging 
strabismus  takes  place,  and  this  occurs  even  if  there  be  no 
actual  insufficiency  of  the  internal  recti  muscles.  Dr.  Theo- 
bald has  made  "  an  endeavor  to  show  that  insufficiency  of 
the  internal  recti  muscles  and  myopia  have  been  erroneously 
associated;  and  that  the  muscular  asthenopia  of  myopia  is 
not  the  result  of  such  insufficiency,  but  of  the  anomaly  of 
refraction." 

He   says:*   "This  assumption  of  Donders,  together  with 
the  test  of  Von   Graefe,  which  I  have  described,  are  chiefly 
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responsible  for  the  generally  adopted  belief  in  the  association 
of  insufficiency  of  the  internal  recti  muscles  with  myopia. 
To  account,  however,  for  the  symptoms  which  Donders  has 
described,  no  such  assumption  is  necessary.  They  are,  in- 
deed, exactly  such  as  we  should  anticipate  from  the  disturbed 
relation  between  convergence  and  accommodation,  which,  as 
I  have  before  stated,  exists  in  myopia  as  well  as  in  hyperme- 
tropia.  In  hypermetropia,  accommodation  is  in  excess  of 
convergence.  When  the  eyes  are  used,  especially  for  near 
work,  asthenopia  ensues ;  the  ciliary  muscles  soon  become 
tired  and  give  way,  and  the  sight  grows  indistinct.  A  con- 
vergent squint,  by  neutralizing  the  excess,  may  do  away  with 
these  symptoms.  In  myopia,  convergence  is  in  excess  of 
accommodation.  Asthenopia,  attended  by  giving  way  of  the 
internal  recti,  is  the  result.  As  in  hypermetropia  there  is  no 
actual  weakness  of  the  ciliary  muscles,  so  in  myopia  there 
is  no  real  insufficiency  of  the  internal  recti.  It  is,  in  each 
case,  the  muscles  which  work  in  excess  that  evince  such 
signs,  and,  as  in  the  former  condition  an  effort  is  made  to 
neutralize  this  excess  by  a  convergent  squint,  so  in  the  latter 
is  it  accomplished  by  a  divergent  squint." 

It  is  undoubtedly  true  that  it  is  owing  to  errors  of  re- 
fraction that  in  H.  excessive  action  of  the  ciliary  muscles  is 
demanded,  and  in  myopia  great  tension  of  the  internal  recti 
muscles;  and  while  in  each  of  the  above-mentioned  condi- 
tions the  muscles  may  have  even  more  than  normal  actual 
and  potential  energy,  yet  there  is  a  real  insufficiency  to  per- 
form the  excessive  labor  demanded  of  them,  in  order  to 
neutralize  the  anomalies  of  refraction  arising  from  the  optical 
defects  in  the  construction  of  the  eyes. 

As  the  far  point  of  binocular  vision  is  nearer  than  the  mo- 
nocular far  point,  when  the  myope  desires  to  see  objects 
situated  farther  than  the  binocular  far  point,  he  does  so  by 
diverging  the  visual  lines  so  that  they  cross  beyond  the 
objects.  This  is  absolute  divergent  strabismus.  While  con- 
vergent squint  usually  appears  in  childhood,  divergent  stra- 
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bismus  is  rarely  developed  until  a  more  advanced  age  ;  the 
latter  is  usually  connected  with  progressive  myopia,  which 
is  seldom  found  in  early  life.  Donders  states  that  90  per 
cent,  of  the  cases  of  relative  divergent  strabismus  have  their 
origin  in  myopia. 

Treatment  of  Myopia. 

The  question  very  naturally  arises,  Can  myopia  —  or  near- 
sightedness—  be  cured?  The  answer  must  unhesitatingly 
be  in  the  negative.  It  is  simply  absurd  to  suppose  that  the 
dense,  firm,  and  but  slightly  elastic  fibrous  tissues,  forming  the 
sclerotic  coat  of  the  eye,  after  softening  and  extension,  at  the 
expense  of  its  thickness,  can  ever  be  restored  to  their  normal 
condition,  so  that  the  softened  and  extended  fibres  will  con- 
tract, and  bring  the  posterior  part  of  the  sclerotica  back  to  its 
original  form  and  thickness,  replacing  the  retina  again  in 
the  focus  of  parallel  rays  when  the  eye  is  at  rest.  This 
change  never  takes  place.  The  popular  idea  that  myopia 
diminishes  with  age  is  incorrect.  It  is  true,  that  in  low  grades 
of  non-progressive  near-sightedness,  as  ^q,  -j\f  or  less,  the 
inevitable  senile  changes  which  diminish  the  refractive  powers 
of  the  dioptric  media  may  neutralize  the  effect  of  the  changed 
position  of  the  retina,  and  enable  slightly  myopic  eyes  to 
dispense  with  convex  glasses  for  near  vision,  until  a  late 
period  of  life. 

It  is  for  this  reason  that  Donders  gives  the  preference  to 
the  slightly  myopic  eye,  because  he  thinks  that  the  indistinct- 
ness with  which  distant  objects  are  seen  in  early  life,  is  more 
than  compensated  by  the  ability  to  read  and  write  at  a  later 
period  of  life  without  the  use  of  convex  glasses.  The  actual 
myopia,  however,  does  not  diminish  ;  there  is  scarcely  any  re- 
cession of  the  far  point  of  distinct  vision,  because  the  increased 
distance  at  which  the  myope  could  otherwise  see,  is  neutralized 
by  the  diminution  of  the  transparency  of  the  refractive  media 
and  by  the  blunted  sensibility  of  the  perceptive  elements  of  the 
retina.    It  has  been  attempted  to  diminish  the  posterior  elon- 
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gation  of  the  eyeball  by  requiring  the  myope  to  hold  his 
book,  paper  in  writing,  or  work,  at  a  greater  distance.  Desks 
with  apparatus,  have  been  constructed  to  keep  the  head  ele- 
vated, and  gradually  to  increase  the  distance  at  which 
small  objects  are  seen  ;  and  after  a  few  weeks'  practice  the 
myope  is  often  able  to  read  at  a  considerably  greater  dis- 
tance, and  he  thinks  that  the  myopia  has  diminished;  but 
he  forgets  that  the  degree  is  determined  by  the  far  point  of 
distinct  vision,  and  for  points  nearer  than  this,  the  exercise 
of  accommodation  is  brought  into  action.  The  emmetrope 
ordinarily  holds  his  book  ten  or  twelve  inches  from  his  eyes; 
but  if  he  accustoms  himself  to  read  15"  or  18"  distant,  he 
simply  reads  with  diminished  accommodation ;  so  with  the 
myope,  if  he  increases  the  distance  at  which  the  book  is 
ordinarily  held,  he  only  sees  with  less  exercise  of  the  accom- 
modative power.  The  emmetropic  eye  still  remains  emme- 
tropic, and  the  far  point  of  the  myopic  eye  is  unchanged  in 
position  ;  the  grade  of  the  myopia  does  not  diminish,  but  less 
accommodation  is  demanded.  While  this  plan  of  treatment 
does  not  lessen  the  degree  of  the  myopia,  yet  it  has  most 
excellent  effects  in  staying  the  progress  of  the  organic 
changes  taking  place  at  the  fundus  oculi.  Holding  small 
objects  farther  from  the  eyes  diminishes  the  convergence, 
and  thus  removes  a  part  of  the  pressure  of  the  lateral  mus- 
cles on  the  globes,  while  keeping  the  head  erect  lessens  the 
flow  of  blood  to  the  already  congested  tissues,  and  thus 
retards  the  softening  processes  upon  which  the  giving  way 
of  the  scleral  tissue  mainly  depends.  For  these  reasons  the 
myope  should  always  accustom  himself  to  hold  his  book  or 
work  as  far  as  possible  from  the  eyes.  Formerly,  myopia  was 
thought  to  be  caused  by  an  excessive  convexity  of  the  cornea, 
and  systematic  efforts  were  made  to  lessen  this  by  compres- 
sion ;  but  now,  since  it  is  universally  acknowledged  to  be 
dependent  upon  a  giving  way  or  extension  of  the  scleral  tis- 
sue, we  can  readily  see  that  such  treatment  is  not  only  use- 
less, but  injurious,  because  the  pressure  tends  to  increase  the 
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posterior  elongation  of  the  eyeball.  The  cornea,  as  is  now 
known,  is  a  little  flatter  than  in  the  emmetropic  eye,  and 
even  if  it  could  be  made  more  so,  no  advantage  would  be 
gained,  beyond  what  can  be  obtained  from  neutralizing 
glasses.  Extraction  of  the  crystalline  lens  has  been  sug- 
gested ;  but  few  patients  could  be  found  who  would  submit 
to  it,  and  still  fewer  ophthalmic  surgeons  who  would  have 
the  hardihood  to  recommend  so  hazardous  an  operation. 
Even  if  successfully  performed,  the  accommodation  would 
be  destroyed,  and  the  only  advantage  gained  would  be  some- 
what larger  retinal  images  obtained  by  neutralizing  glasses. 
Myopia  then,  is  incurable,  and  only  the  lower  grades  are  neu- 
tralized by  the  compensation  of  senile  metamorphosis  at  a  later 
period  of  life.  Donders  says:  "In  young  persons,  on  the 
contrary,  I  have  never  established  the  fact  of  any  diminution 
of  the  myopia.  When  the  latter  appeared,  on  superficial 
observation,  to  have  taken  place,  spasm  of  the  accommoda- 
tion had  been  in  operation."  As  the  eye  cannot  be  restored 
to  its  former  condition,  the  treatment  must  consist  in  endeav- 
oring to  arrest  the  progress  of  the  abnormal  changes,  and 
at  the  same  time  to  render  vision  easy  and  comfortable,  by 
neutralizing  the  errors  of  refraction,  as  far  as  it  can  be  done 
without  injury  to  the  eyes,  and  to  increase  the  distance 
of  the  near  point,  in  order  to  diminish  the  excessive 
convergence,  and  consequently  lessen  the  tension  of  the 
internal  recti  so  as  to  remove  the  strong  pressure  of  the 
lateral  muscles  on  the  globes.  Where  a  predisposition  to 
myopia  exists,  one  of  the  chief  exciting  causes  is  long- 
continued  tension  of  accommodation  for  near  vision  of 
small  objects.  Simple  tension  of  accommodation  of  itself 
does  not  give  rise  to  myopia,  and  it  is  chiefly  through  ac- 
companying conditions  that  the  morbid  changes  are  devel- 
oped. Children  at  school  are  often  placed  in  a  bad  light, 
the  desks  are  too  low,  and  the  body  is  bent  forward  ;  they 
thus  acquire  an  habitual  stooping  position,  and  they  are  in- 
clined to  bring  the  eyes  too  near  the  book  or  paper  on  which 
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they  are  writing ;  this  requires  a  strong  convergence  for  bi- 
nocular vision,  both  causes  giving  rise  to  congestion  of  the 
fundus  oculi.  This  is  particularly  exemplified  in  writing.  If 
one  enters  a  school  of  children  while  they  are  engaged  in 
writing,  he  will  see  nearly  all  of  them,  when  the  teacher  has 
failed  to  give  proper  instructions,  bending  over  their  desks 
with  their  eyes  in  close  proximity  to  the  paper,  and  many 
assume  an  awkward,  constrained  position,  not  unfrequently 
with  their  heads  resting  on  the  arm  and  looking  obliquely 
at  the  paper.  While  children  with  eyes  not  predisposed  to 
near-sightedness  may  assume  these  positions  with  impunity, 
others  having  the  hereditary  predisposition,  have  the  morbid 
changes  developed,  and  when  once  they  appear  their  tend- 
ency is  to  increase.  At  first,  the  near  approach  of  the  eye 
to  the  work  was  unnecessary,  and  only  an  acquired  habit,  but 
after  the  posterior  staphyloma  has  once  become  developed,  the 
pupils  feel  an  actual  necessity  for  the  nearer  approach  of  the 
eyes  to  small  objects  looked  at;  and  this  necessity  increases 
as  the  disease  progressively  develops;  hence,  the  causes  which 
first  gave  rise  to  the  morbid  changes  continue  to  act  with 
more  and  more  force,  until  finalty  the  integrity  of  the  func- 
tion of  the  eyes  is  seriously  threatened.  Teachers,  and 
others  having  charge  of  children  and  young  persons  who 
exercise  their  eyes  with  objects  requiring  great  tension  of 
accommodation,  should  require  the  books,  work,  etc.,  to  be 
held  at  a  proper  distance,  and  the  head  to  be  held  erect ;  and, 
if  there  appears  to  be  a  tendency  to  the  development  of  near- 
sightedness, special  care  should  be  exercised  that  these  rules 
should  be  enforced,  and  if  possible  near  vision  for  a  time 
given  up;  or,  if  this  cannot  be  complied  with,  the  eyes 
should  be  frequently  rested  by  looking  for  a  few  minutes  at 
distant  objects ;  here  the  desk  and  apparatus  for  keeping  the 
head  elevated  will  be  found  particularly  useful,  so  as  to  keep 
the  objects  as  far  as  possible  from  the  eyes,  and  thus  dimin- 
ish the  convergence.  When  the  morbid  changes  have  com- 
menced, the  myope  should  at  once  be  apprised  of  the  serious 
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nature  of  his  affection,  and  instructions  given  him  to  exercise 
great  care  to  avoid  excesses  in  eating  and  drinking,  irregular 
habits,  etc.,  and  particularly  to  avoid  reading  in  a  recumbent 
position, —  a  habit  to  which  young  persons  are  much  addicted. 
In  reading,  the  head  should  be  erect,  and  it  is  better  that  the 
book  should  be  held  before  the  eyes  nearly  vertical. 


By  Means  of  Concave  Spectacles. 

One  of  the  most  important  remedial  measures  in  the  treat- 
ment of  near-sightedness  consists  in  the  proper  adaptation 
of  concave  glasses ;  the  patient  should  never  be  allowed  to 
select  these  himself,  because  he  almost  invariably  chooses 
those  which  are  too  strong,  and  consequently  injurious.  In 
low  grades  of  myopia,  as  Jg,  20,  or  less»  neutralizing  glasses 
need  only  to  be  used  in  obtaining  a  more  distinct  view  of  dis- 
tant objects,  and  for  this  purpose  eye-glasses  may  be  tempo- 
rarily held  before  the  eyes.  For  viewing  scenery,  or  in  at- 
tending theatres,  or  lectures  in  which  diagrams,  apparatus, 
etc.,  are  used  for  illustrations,  and  on  other  occasions  in  which 
it  is  desirable  to  see  at  an  infinite  distance,  spectacles  which 
remove  r  to  an  infinite  distance  may  be  worn,  but  in  attending 
to  the  ordinary  affairs  of  life  they  can  easily  be  dispensed 
with.  Many  persons,  however,  having  once  worn  concave 
glasses,  and  experienced  the  satisfaction  of  distinct  distant 
vision,  are  unwilling  to  do  without  them,  and  wear  them 
constantly  out  of  doors.  In  the  low  degrees  of  M.  of  which 
we  are  speaking,  their  use  is  entirely  unnecessary  in  near 
vision,  and  had  better  be  dispensed  with,  for  vision  of  small 
objects  is  distinct  at  10"  or  12"  from  the  eyes.  If  used 
to  see  at  short  distances,  they  are  liable  to  create  a  disturb- 
ance of  the  relations  which  should  exist  between  relative 
association  that  may  give  rise  to  progressive  M.  Near- 
sighted young  persons  are  very  apt  to  select  occupations 
which  require  sharp  vision  of  small  objects,  as  engraving, 
watch-making,  etc.,  and  think  they  are  particularly  suited 
16 
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to  such  callings,  because  they  can  see  small  objects  with  less 
effort  than  those  having  emmetropic  eyes.  This  is  a  great 
mistake,  and  they  should  always  be  warned  against  such 
undertakings,  and  advised  to  select  occupations  that  do 
not  require  great  tension  of  the  accommodation.  In  higher 
degrees  of  near-sightedness,  ranging  from  §  to  i  or  /?l  the 
use  of  neutralizing,  glasses  cannot  be  safely  dispensed  with  ; 
it  then  becomes  a  question,  What  is  the  proper  strength  to 
adapt  in  each  particular  case  ?  Donders's  remarks  on  this 
subject  are  so  appropriate,  and  so  clearly  expressed,  that 
we  give  them  space  here  :  "  The  prescribing  of  spectacles  for 
myopes  is  a  matter  of  great  importance.  While  emmetropic 
and  hypermetropic  eyes  do  not  readily  experience  any  injury 
from  the  use  of  unsuitable  glasses,  this  may  in  myopes,  par- 
ticularly on  account  of  the  morbidly  distended  condition  of 
the  eyeball,  and  of  the  tendency  to  get  worse,  be  very  dan- 
gerous. There  exists,  in  general,  a  dread  of  the  use  of  too 
strong  glasses.  It  is  laid  down  as  a  rule  :  rather  too  weak,  or 
no  glasses,  than  too  strong.  In  this  rule  the  necessary  distinc- 
tion is  lost  sight  of.  Too  strong  glasses  make  hypermetro- 
pic eyes  myopic,  and  myopic  eyes  hypermetropic.  The  rule, 
therefore,  cannot  be  equally  true  for  both.  In  fact,  it  is  in  gen- 
eral much  less  injurious  to  produce  a  certain  degree  of  myopia 
than  of  hypermetropia,  in  which  last  particularly  much  is 
required  of  the  accommodative  power.  The  rule  would 
therefore  be  more  correctly  stated  thus :  in  hypermetropia 
we  must  beware  of  giving  too  weak,  in  myopia  of  giving 
too  strong,  glasses  ;  a  rule  the  second  part  of  which 
we  should  especially  insist  upon.  But  even  by  this  little  is 
gained.  Not  using  glasses,  or  using  too  weak  glasses,  may  also 
be  injurious  to  myopes.  All  the  circumstances  must  therefore 
be  studied,  which  can  exercise  an  influence  on  the  choice 
of  glasses.     It  is  difficult  to  reduce  these  to  definite  rules." 

In  medium  degrees  of  myopia,  with  a  good  range  of  accom- 
modation, as  a  general  rule,  the  anomaly  of  vision  may  be 
wholly  neutralized.     While  the  far  point  is  thus  placed  at  an 
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infinite  distance,  work  can  then  be  held  10"  or  12"  from 
the  eyes;  this  diminishes  the  convergence,  and  removes  a 
part  of  the  pressure  of  the  lateral  muscles,  and  at  the  same 
time  diminishes  the  tendency  to  assume  the  stooping  posi- 
tion, so  as  to  bring  the  eyes  near  the  work.  In  the  higher 
degrees  of  M. —  when  greater  than  J — there  is  usually  a 
diminution  of  the  acuteness  of  vision.  The  distance  at  which 
very  strong  glasses  are  necessarily  held  from  the  eyes, 
causes  the  lessening  of  the  size  of  the  retinal  images,  and 
then  there  is  a  desire  to  bring  the  object  nearer  the  eye,  in 
order  to  obtain  a  larger  visual  angle  ;  but  without  glasses,  the 
convergence  and  tension  of  accommodation  are  still  greater, 
with  an  increased  tendency  to  the  stooping  position ;  hence, 
for  near  vision  it  is  better  to  partially  neutralize  the  error  of  re- 
fraction ;  for  example,  to  select  those  glasses  which  remove  the 
far  point  to  1 2"  or  18";  and  when  the  myope  desires  to  see  at  a 
greater  distance,  he  can  place  before  the  glasses  a  lorgnette 
which  removes  r  to  an  infinite  distance.  After  the  supposed 
proper  glasses  are  selected,  they  should  be  submitted  to  the 
test  of  experience.  If  those  prescribed  are  not  pleasant,  or 
if  they  give  rise  to  symptoms  of  asthenopia,  they  are  hurtful, 
and  should  be  changed  for  others  of  different  power.  If  none 
be  found  which  render  near  vision  easy,  all  work  or  occupa- 
tions requiring  sharp  sight  should  be  given  up.  In  very 
high  degrees  of  myopia  strong  glasses  are  unpleasant,  be- 
cause, owing  to  the  extension  of  the  eye,  chiefly  in  the  region 
of  the  yellow  spot,  while  there  is  acute  vision  with  the  aid  of 
spectacles  at  this  place,  the  peripheral  images  are  very  diffuse. 
If  the  highly  myopic  person  has  not  previously  worn  glasses, 
it  generally  creates  too  much  disturbance  of  relative  asso- 
ciations to  completely  neutralize  the  errors  of  refraction  at 
once  ;  it  is  better  to  begin  with  weaker  ones,  and  gradually 
increase  their  strength  from  time  to  time,  as  the  eyes  become 
accustomed  to  the  changed  conditions  of  associations,  until 
finally  the  proper  ones  can  be  worn  without  producing  un- 
pleasant symptoms  or  injurious  disturbances.     When  there 
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is  an  insufficiency  of  one  or  both  internal  recti  muscles,  or 
muscular  asthenopia,  arising  from  a  want  of  parallelism  be- 
tween the  action  of  the  ciliary  and  the  internal  recti  muscles, 
recourse  must  be  had  to  concave  glasses,  in  order  to  increase 
the  distance  of  the  near  point,  and  thus,  by  lessening  the 
binocular  convergence,  relieve  the  overburdened  muscles  from 
the  necessity  of  excessive  action.  The  tension  of  accommo- 
dation is  at  the  same  time  diminished.  If  there  be  errors  of 
refraction  giving  rise  to  asthenopia,  the  lessening  of  the  con- 
vergence once  more  places  the  binocular  point  of  fixation  at  a 
position  on  the  line  of  accommodation  which  re-establishes 
the  accustomed  relative  associations,  and  vision  then  becomes 
easy  and  free  from  asthenopic  disturbances.  If,  however,  there 
be  insufficiency  of  so  high  a  degree  that  neutralizing  glasses 
fail  to  give  sufficient  assistance  to  the  strained  muscles,  fur- 
ther aid  must  be  given  by  prisms  with  angles  outwards.  The 
strength  of  the  prisms  must  correspond  with  the  degree  of 
insufficiency.  If  this  be  confined  to  one  internal  recti  muscle, 
and  a  strong  prism  be  required,  as  the  latter,  if  it  has  a  large 
angle,  produces  annoying  dispersion  of  light,  it  is  better  to 
divide  the  required  prismatic  strength  between  the  two  eyes. 
The  necessary  concave  glasses  should  be  ground  on  the  sur- 
faces of  the  prisms,  or  the  latter  may  be  attached  to  the  former 
by  means  of  Canada  balsam.  Prismatic  effects  may  be  pro- 
duced in  simple  spherical  glasses  by  moving  their  axes  nearer 
to  or  farther  from  each  other  than  the  mutual  distance  between 
the  two  pupils.  Spherical  glasses  then  act  as  prisms  with 
curved  surfaces.  In  actual  or  apparent  insufficiency  of  the 
internal  recti,  the  axes  of  the  glasses  should  be  greater 
than  the  distance  between  the  pupils.  The  convergence  is 
diminished,  but  the  rays  enter  the  eyes  as  if  they  came 
from  a  nearer  point  than  the  one  to  which  the  axes  of  vision 
are  actually  directed ;  the  tension  of  the  converging  muscle 
is  relieved,  while,  at  the  same  time,  the  bending  of  the  rays 
by  the  prism  enables  the  book,  work,  etc.,  to  be  held  at  an 
increased  distance  from  the  eyes.    As  concave  spherical  lenses 
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ground  on  prisms  are  expensive,  it  is  better,  in  prescribing 
them,  to  submit  the  combinations  to  the  test  of  experience, 
by  placing  simple  prisms  in  apposition  with  the  spherical 
glasses,  and  changing  the  arrangements  from  time  to  time, 
if  necessary,  until  those  are  found  which  are  exactly  suited 
to  the  case,  when  instructions  may  be  given  to  the  optician 
to  unite  the  combinations  to  single  glasses.  In  the  lower 
grades  of  near-sightedness,  with  the  advance  of  age,  the  range 
of  accommodation  often  becomes  greatly  diminished;  in 
such  cases  concave  glasses  may  be  needed  for  distant  vision, 
and  weak  convex  for  reading,  etc.  In  adapting  spectacles 
to  myopic  eyes,  particularly  when  high  numbers  are  required, 
the  rules  given  in  the  article  on  spectacles  should  be  rigidly 
observed.  As  the  visual  lines  should  pass  as  nearly  as  pos- 
sible through  the  axes  of  the  lenses,  it  is  evident  that  the 
same  spectacles  which  are  worn  for  distant  vision  would  not 
be  adapted  for  near  work  when  there  is  great  convergence 
of  the  visual  axes  ;  in  the  latter  case  the  axes  of  the  glasses 
should  be  nearer  each  other,  and  the  connecting  wire  of 
the  frames  curved,  so  that  the  convexity  inclines  backwards, 
in  order  to  bring  the  surfaces  of  the  glasses  nearly  parallel 
with  the  planes  of  the  pupils ;  this  position  causes  the  axes 
of  the  glasses  nearly  to  correspond  with  the  visual  line. 
When,  even  after  the  application  of  concave  spectacles  com- 
bined with  prisms,  there  is  still  a  tendency  in  the  eyes  to  di- 
verge when  directed  nearer  than  a  certain  point  on  the  line  of 
vision,  tenotomy  of  the  external  recti  muscles  has  been  re- 
commended, in  order  to  diminish  their  resistance  to  the  free 
action  of  the  internal  recti.  The  amount  of  setting  back  of 
the  former  muscles  should  correspond  to  the  insufficiency 
of  the  latter.  Care  should  be  taken  that  this  diminution  in 
the  power  of  the  external  recti  does  not  exceed  the  amount 
of  voluntary  adduction  when  the  eyes  are  directed  to  the  far 
point  of  distinct  vision  ;  otherwise,  there  will  result  converg- 
ing strabismus.  "  Unfortunately,  a  correct  estimation  of  the 
operative  effect  is  very  difficult,  and  it  is  doubtful  if  any  ope- 
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rator  can,  with  any  certainty,  fulfil  these  indications.  Usually, 
only  a  better  position  of  the  eye  is  attained  ;  binocular  vision 
is  rarely  much  improved,  or  the  asthenopia  much  diminished. 
This  is  particularly  true  when  excessive  myopia  is  the  chief 
source  of  the  affection  ;  for  here,  besides  the  muscular  insuffi- 
ciency, various  other  causes,  not  remediable  by  tenotomy, 
assist  in  producing  the  asthenopia.  But  in  other  cases  the 
operation  is  rarely  sufficiently  indicated."  (Stclhvag.)  If  all 
these  remedies  fail,  the  weaker  eye  must  be  excluded  from 
use,  either  by  a  shade  or  by  a  very  dark-colored  glass. 
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ASTIGMATISM. 

In  ametropia,  as  previously  treated  of  (hypermetropia  and 
myopia),  it  has  been  assumed  that  the  refracting  surfaces 
were  spherical  or  rotated,  and  so  placed  with  reference  to 
each  other  that  their  axes  were  centred  in  a  common  straight 
line  ;  that  homocentric  rays  — either  parallel  or  divergent  — 
coming  from  a  point,  remained  homocentric  after  refraction, 
and  were  directed  nearly  to  a  point  on  the  visual  axis; 
that  all  rays  deviated  by  spherical  aberration  from  points 
on  the  cornea,  at  equal  distances  from  its  axis,  united  in  a 
point  on  the  axis  nearer  than  the  principal  focus;  that 
monochromatic  rays  also  had  their  point  of  union  on  the 
axis,  but  the  red,  being  least  refrangible,  united  beyond  the 
principal  focus,  while  the  blue  and  violet  rays,  having  the 
greatest  degree  of  refrangibility,  met  nearer  than  the  princi- 
pal focus.  Eyes  having  their  refracting  surfaces  so  perfectly 
formed  and  accurately  centred,  are  never  found.  Ametropia 
exists  in  some  of  the  meridians  to  a  greater  or  less  degree  in 
all  eyes ;  if  one  meridian  be  emmetropic,  another  may  be 
either  myopic  or  hypermetropic,  or  myopia  and  hypermetro- 
pia may  exist  in  different  meridians  of  the  same  eye.  Hence, 
all  planes  of  homocentric  light  entering  the  pupil  have  not 
a  common  focus.  This  want  of  symmetry  of  the  dioptric 
system  has  received  the  name  of  astigmatism,  "  and  signifies 
that  rays  derived  from  one  point  do  not  again  unite  into  one 
point,"  as  stated  on  page  69,  under  the  head  of  Anatomical 
Construction  of  the  Eyes, — but  recapitulated  here  to  make 
this  chapter  more  complete  in  itself,  —  the  anterior  surface 
of  the  cornea,  which  is  the  chief  refracting  one,  is  not  the 
section  of  an  ellipse  rotated,  but  rather  the  top  section 
of  an  ellipsoid  with  three  diameters,  the  longest  of  which 
corresponds  with  the  ocular  axis ;  the  next  in  length  is 
usually  horizontal,  and  the  shortest,  vertical.  The  latter 
two  are  perpendicular  to   the  former,   and  usually  to  each 
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other.  This  formation  makes  the  vertical  meridian  of  the 
cornea  more  convex  than  the  horizontal  one ;  consequently, 
rays  passing  through  it  in  the  vertical  plane  are  united  in  a 
focus  sooner  than  those  in  the  horizontal  plane.  Similar 
inequalities  exist  in  the  two  surfaces  of  the  crystalline  lens, 
but  here  the  maximum  curvature  is  usually  horizontal,  and 
the  minimum  vertical,  so  that  the  asymmetry  of  the  corneal 
surface  is  partially  neutralized  by  the  asymmetry  of  the  sur- 
faces of  the  lens.  In  the  lens  the  length  of  the  radius  of 
curvature  often  varies  in  the  same  meridian,  and  marked  in- 
equalities frequently  exist  in  adjacent  ones ;  these  deviations 
cause  irregularities  in  its  surfaces,  which  give  rise  to  irregular 
astigmatism,  and  are  the  usual  causes  of  monocular  diplopia, 
and  polyopia,  etc.  The  long  axis  of  the  cornea  and  the  axis 
of  the  surfaces  of  the  lens  do  not  usually  lie  in  the  same  line ; 
the  axis  of  the  lenticular  surfaces  cuts  the  cornea  at  the  tem- 
poral side  of  its  summit.  Frequently  the  plane  of  the  equator 
of  the  lens  is  not  parallel  to  the  base  of  the  cornea  ;  hence,  it 
has  an  oblique  position,  which  would  of  itself  produce  astig- 
matic deviations  of  homocentric  rays.*  Contrary  to  what  is 
usually  the  case,  the  maximum  and  minimum  curvatures  of  the 
lens  may  fall  in  the  same  plane  with  the  similar  curvatures  of 
the  cornea, — in  which  case  the  combined  abnormal  deviations 
form  the  sum  total  of  the  astigmatism.  The  line  of  direct  vision 
does  not  correspond  with  the  long  axis  of  the  cornea,  but  the 
former  cuts  the  latter  inside  of  the  zenith,  and  a  little  above 
its  horizontal  meridian.  These  deviations  in  the  regularity 
of  the  curvatures  of  the  different  meridians  of  the  chief  refract- 
ing surfaces  of  the  dioptric  media,  and  the  want  of  corres- 
pondence of  their  axes,  are  usually  too  slight  to  disturb  the 
acuteness  of  vision,  but  when  of  a  higher  degree,  the  perfec- 

*  This  result  is  easily  proved  by  holding  a  strong  convex  lens  in  the  rays  of 
the  sun,  with  a  screen  placed  in  its  focus  perpendicular  to  the  axis  ray.  When 
the  axis  of  the  lens  is  in  a  line  with  the  central  ray  of  the  homocentric  bundle, 
the  image  will  be  round ;  but  if  the  lens  be  placed  obliquely,  the  image  will  be 
oval,  and  if  the  degree  of  obliquity  be  very  great,  the  image  will  be  drawn  out 
into  a  line. 
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tion  of  the  retinal  image  is  seriously  impaired.  The  anterior 
surface  of  the  cornea,  as  heretofore  stated,  has  a  much  higher 
refractive  power  than  all  of  the  other  refracting  surfaces  com- 
bined ;  hence,  variations  in  the  curvatures  of  its  different 
meridians  produce  greater  disturbances  to  vision  than  simi- 
lar inequalities  in  the  surfaces  of  the  crystalline  lens. 

In  order  to  better  understand  the  manner  in  which  unequal 
refraction  in  different  meridians  causes  astigmatism,  it  is  well 
to  describe  the  effect  on  two  planes  of  homocentric  light  from 
a  bundle  of  rays  passing  through  a  small  round  hole  in  a 
window-shutter  in  the  direction  of  the  prolonged  visual  axis  ; 
one  plane  passing  through  the  meridian  of  the  maximum, 
the  other  through  that  of  the  minimum  curvature  of  the  cor- 
nea. If  a  thin  metal  plate  with  two  narrow  slits  cut  in  it, 
crossing  and  standing  perpendicular  to  each  other,  be  placed 
before  the  eyes,  so  that  one  slit  shall  correspond  to  each  of 
the  principal  meridians,  it  will  permit  two  planes  of  the  homo- 
centric  bundle  of  rays  to  enter  the  eye.  The  vertical  plane, 
passing  through  the  maximum  curvature  of  the  cornea,  will 
first  meet  at  a  point.  If  we  imagine  a  screen  held  at  this  place, 
the  horizontal  rays  not  yet  having  united  will  form  a  hori- 
zontal line  of  light  on  the  screen.  A  little  farther  back  the 
still  converging  rays  will  be  crossed  by  the  rays  of  the  ver- 
tical plane,  which  have  already  met  and  are  now  diverging; 
at  a  certain  place  these  lines  will  be  of  equal  length.  Still 
farther  back  the  horizontal  rays  meet  in  a  point,  and  the  ver- 
tical ones  form  a  vertical  line  on  the  screen  a  little  longer 
than  the  anterior  horizontal  one.  The  former  is  called  the 
anterior  focal  line,  the  latter  the  posterior.  The  interval 
between  the  points  of  meeting  of  the  two  planes  of  light  repre- 
sents the  focal  tract.  The  point  of  crossing  of  the  two  lines 
of  equal  length  is  a  little  anterior  to  the  middle  of  this  tract, 
and  is  called  the  middle  focus.  The  distance  of  the  middle 
focus  from  the  anterior  focal  line  decreases  as  the  difference 
between  the  two  focal  lines  increases.  We  will  now  remove  the 
plate  from  before  the  eye,  permitting  the  entire  bundle  of  rays 
to  fall  on  the  cornea,  and  trace  the  changes  produced  on  it. 
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If  we  imagine  a  screen  to  be  held  in  front  of  the  anterior 
focal  line,  the  bright  spot  will  be  of  an  oval  shape,  with  its 
long  diameter  horizontal ;  the  screen  moving  backwards, 
its  eccentricity  increases,  until  at  the  point  of  union  of  the 
rays  in  the  vertical  plane  it  will  be  drawn  out  into  a  horizon- 
tal line  ;  passing  backwards  the  image  again  becomes  oval, 
but  its  eccentricity  decreases,  until,  when  at  the  middle  focus, 
it  will  be  nearly  circular;  after  which  it  again  becomes  oval 
with  its  long  diameter  vertical ;  its  eccentricity  increases 
until,  at  the  point  of  meeting  of  the  rays  of  the  horizontal 
plane,  the  crossed  rays  form  a  vertical  line.  Passing  the  screen 
still  backwards,  the  bright  spot  again  becomes  oval  with  long 
diameter  vertical.  The  length  of  the  anterior  focal  line  is  to 
the  length  of  the  posterior  focal  line  as  the  focal  distance  in 
the  meridian  of  greatest  curvature  is  to  that  in  the  meridian 
of  least  curvature. 

At  the  middle  focus,  where  the  image  appears  nearly  cir- 
cular, there  is  the  greatest  concentration  of  rays  with  the 
smallest  disturbance  from  circles  of  diffusion ;  consequently, 
if  the  eye  can  be  so  adjusted  as  to  bring  this  focus  on  the 
retina,  the  most  distinct  vision  will  result.  Only  those  rays 
passing  through  in  the  planes  of  maximum  and  minimum 
meridians  of  curvature  fall  on  the  long  axis  of  the  cornea; 
the  others  meet  in  an  irregular  plane,  passing  through  the 
anterior  and  posterior  focal  lines.  This  is  beautifully 
shown  in  an  ingenious  instrument  devised  by  Hasner  and 
Knapp*     It  is  now  very  easy  to  see  why  astigmatics  find  so 

*  As  many  have  difficulty  in  comprehending  the  effects  produced  on  homo- 
centric  rays  passing  through  meridians  of  different  degrees  of  curvature,  to  such  I 
would  recommend  a  very  simple  apparatus,  which  is  easily  and  quickly  made, 
and  which  gives  a  better  and  a  clearer  idea  than  can  be  obtained  from  figures. 
It  is  only  necessary  to  take  a  thin  piece  of  plank  four  and  a  half  inches  wide 
and  eight  or  ten  inches  long,  on  the  ends  of  which  are  nailed  pieces  four  and 
a  half  inches  square,  —  a  common  cigar-box,  after  removing  the  top  and  sides, 
answers  the  purpose.  One  end  represents  the  cornea,  the  other  the  retina.  On 
the  outside  of  each  draw  diagonal  lines  from  corner  to  corner,  and  through  their 
points  of  crossing  draw  vertical  and  horizontal  lines;  on  one  end  these  will 
represent  the  vertical   and  horizontal  meridians  of  the  cornea.     At  each  end 
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much  difficulty  in  selecting  spherical  glasses.  Owing  to  the 
length  of  the  focal  tract,  it  is  almost  a  matter  of  indifference 
whether  the  adjustment  for  the  middle  focus  falls  a  little 
nearer  or  farther  from  either  of  the  focal  lines,  and  astig- 
matics  can  see  nearly  equally  well  within  certain  limits  with 
spherical  glasses  of  different  focal  lengths.  For  the  same 
reason,  it  is  difficult  for  them  to  determine  exactly  at  what 

make  a  small  hole  through  the  point  where  the  lines  cross,  and  pass  through 
them  a  thread,  tightly  extended  from  one  to  the  other,  and  kept  in  position  by 
fastening  the  ends  to  a  small  strip  of  wood  placed  on  the  outer  sides.  This 
thread  will  represent  the  long  axis  of  the  cornea.  Next  make  two  holes  in  the 
horizontal  line,  one  at  each  end,  two  inches  from  the  centre.  Pass  a  thread 
through  these,  and  bring  the  ends  through  the  central  one  in  the  opposite  end- 
piece,  and  fasten.  This  thread  represents  the  most  external  rays  of  a  plane  of 
light  passing  through  the  horizontal  meridian  of  the  cornea  having  the  mini- 
mum curvature,  and  uniting  in  a  point  on  the  retina.  Next  make  in  the  end 
representing  the  cornea,  in  the  vertical  line,  two  holes,  each  being  one  and 
a  half  inches  from  the  centre.  In  the  opposite  end  make  a  hole  in  the  vertical 
line  three-quarters  of  an  inch  above,  and  another  the  same  distance  below 
the  centre.  Pass  through  each  of  the  latter  two  holes  the  ends  of  a  thread,  and 
bring  the  end  from  the  lower  hole  to  pass  through  the  upper  hole  in  the  vertical 
line  opposite,  and  the  thread  from  the  upper  one  in  the  former  to  the  lower  one 
in  the  latter,  and  fasten.  This  thread  represents  the  most  external  of  the  rays  in 
a  plane  of  light  refracted  by  the  vertical  meridian  of  the  cornea.  It  will  be  seen 
that  the  threads  placed  vertically  unite  considerably  in  advance  of  the  horizontal 
ones;  they  overcross,  and  the  now  divergent  rays  form  a  vertical  line  of  light, 
passing  through  the  point  on  the  retina  where  the  horizontal  rays  meet.  Now, 
if  a  screen  be  placed  perpendicular  to  the  axis  at  the  point  of  meeting  of  the  ver- 
tically placed  threads,  the  horizontal  rays  would  make  a  horizontal  line  of  light. 
The  axis  thread  extending  from  the  points  of  crossing  of  the  two  planes,  repre- 
sents the  focal  tract,  or  focal  interval  around  which,  at  some  point,  all  of  the 
rays  from  every  other  one  of  the  planes  of  homocentric  rays  would  meet.  A 
point  on  the  focal  tract,  where  the  converging  and  diverging  threads  are  equally 
distant  from  the  axis»  represents  the  middle  focus.  The  form  of  the  illuminated 
spots  formed  on  a  screen,  held  perpendicularly  to  any  point  on  the  long  axis  of 
the  cornea, —  represented  by  the  axis  thread, —  can  easily  be  found  by  forming 
an  ellipse  with  maximum  and  minimum  diameters  corresponding  to  the  distance 
between  the  threads  at  that  point.  It  is  now  easy  to  understand  why,  when  the 
eye  in  the  vertical  meridian  is  adjusted  for  a  point  of  light,  rays  in  the  other 
meridians  form  on  the  retina  a  horizontal  line  of  light,  and  when  it  is  accurately 
adjusted  for  the  horizontal  meridian,  there  will  be  a  vertical  line  of  light  from 
the  divergent  rays  in  the  vertical  plane. 
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point  of  adjustment  vision  is  most  distinct.  As  before  stated, 
all  eyes  are  astigmatic,  but  when  the  degree  is  so  small  as 
not  to  interfere  with  the  acuteness  of  vision,  it  is  called  nor- 
mal regular  astigmatism.  When  of  higher  degree,  —  gen- 
erally when  greater  than  ^  or  ?g  — the  acuteness  of  vision  is 
impaired  ;  and  it  then  becomes  abnormal  regular  astigmatism, 
and  requires  to  be  neutralized  by  cylindrical  glasses.  Gen- 
erally, the  meridian  of  maximum  curvature  lies  nearly  ver- 
tical, and  the  minimum,  perpendicular  to  this, —  consequently 
horizontal ;  but  these  may  vary;  they  are  sometimes*  found 
exactly  the  reverse,  as  was  the  case  of  Thomas  Young,  the 
discoverer  of  astigmatism.  The  maximum  curvature  may  lie 
in  any  of  the  meridians  of  the  cornea,  and  usually  the  min- 
imum will  be  found  nearly  perpendicular  to  this.  As  the 
maximum  meridian  is  usually  vertical,  it  follows  that  most 
persons  can  distinctly  see  horizontal  lines  nearer  than  ver- 
tical ones ;  for  when  the  eye  is  accommodated  for  the  line  in 
the  vertical  meridian,  the  focus  of  the  horizontal  lies  beyond 
this,  and  when  the  accommodation  is  for  the  horizontal  line, 
it  is  beyond  the  focus  of  the  vertical  meridian.  At  first 
thought,  it  would  seem  that  the  reverse  of  this  would  be  the 
case, — that  vertical  lines  would  be  seen  nearer  than  horizontal 
ones, — but  a  moment's  reflection  will  show  that  this  cannot  be 
so.  The  lines  to  be  visible  must  have  a  certain  breadth,  and 
it  is  their  breadth  that  determines  the  visual  angle  under 
which  they  are  seen.  Now,  if  the  line  be  horizontal,  its 
breadth  lies  in  the  vertical  plane,  and  all  rays  in  this  plane 
are  united  sooner  than  those  in  the  horizontal  plane ;  con- 
sequently, the  horizontal  line  is  seen  nearer  than  the  vertical 
one.  The  circles  of  diffusion  from  the  rays  in  the  horizon- 
tal line  in  the  corresponding  plane  cover  each  other.  The 
same  explanation  applies  to  the  greater  distance  at  which 
vertical  lines  are  seen.  It  is  the  position  of  the  focus  of  rays 
coming  from  planes  perpendicular  to  the  plane  lying  in  the 
length  of  the  line  that  determines  the  distance  at  which  the 
line  is  sharply  seen. 
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Normal   Regular  Astigmatism. 

There  are  various  means  of  determining  this  condition  of 
the  eye.  The  test,  by  looking  through  a  small  hole  in  a 
blackened  card  or  metal  plate,  has  been  explained  on  page 
71.  The  point  of  light  may  be  obtained  by  placing  a  metal 
cylinder,  in  the  side  of  which  there  is  a  small  round  hole  half 
a  line  or  a  line  in  diameter,  over  the  flame  of  a  lamp  ;  the  hole 
being  covered  with  milk  glass  or  a  piece  of  white  gauze  paper. 
At  a  certain  distance  the  hole  appears  round  and  sharply 
defined ;  on  approaching  the  lamp,  the  bright  point  is  elon- 
gated horizontally ;  beyond  the  accurately  adjusted  focus  it 
is  elongated  vertically.  By  placing  a  convex  lens  of  8"  or 
10"  focal  length,  these  effects  can  be  produced  with  but 
slight  changes  in  the  distance  of  the  eye  from  the  light. 
Most  persons,  by  taking  a  very  weak  cylindrical  glass  of, 
for  example,  ^,  gVp  or  ^V>  an^  rotating  it  before  one  eye, — 
the  other  being  closed, —  can  find  some  position  of  the  axis 
in  which  vision  is  improved.  Were  the  eye  entirely  free 
from  astigmatism,  cylindrical  glasses  in  all  positions  of  their 
axes  would  impair  the  acuteness  of  vision. 

Abnormal  Regular  Astigmatism. 

In  abnormal  regular  astigmatism  vision  is  always  more 
or  less  defective,  its  acuteness  varying  with  the  amount  of 
astigmatic  deviations.  Persons  having  abnormal  astigmatic 
eyes  always  seek,  and,  indeed,  require  larger  type  in  reading  ; 
they  hold  the  print  nearer  the  eyes,  in  order  to  obtain  a 
larger  visual  angle,  and  thus  increase  the  size  of  the  retinal 
image,  so  as  to  impress  a  greater  number  of  rods  and  cones. 
They  also,  like  myopics  and  hypermetropics,  partially  close 
the  lids,  in  order  to  shut  out  a  portion  of  the  more  peripheral 
deviating  rays  which  greatly  increase  the  disturbance  of  vision. 
There  are  many  methods  of  ascertaining  the  existence  of  ab- 
normal regular  astigmatism,  and  of  determining  its  degree. 
The  test  of  Snellen,  which  consists  of  black  lines   radiating 
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from  a  central  point,  are  in  general  use.  Those  devised  by 
Dr.  Green,  of  St.  Louis,  are  preferable,  and  are  represented 
in  Fig.  65.  Figs.  66,  67,  68,  69,  and  70  are  also  selections 
from  the  test-objects  of  Dr.  Green.  Fig.  71  represents  a 
test-object  from  Otto  Becker.  The  width  of  Snellen's  lines 
corresponds  with  those  forming  his  test-letters  No.  XX,  and 
should  be  placed  in  a  good  light  20'  distant.  The  emmetropic 
eye  sees  all  of  the  lines  equally  clear,  black,  and  sharply 
defined.  The  abnormally  astigmatic  eye  —  any  existing 
myopia  or  hypermetropia  in  the  least  deviating  meridian 
being  corrected  —  sees  one  line  very  black  and  sharply 
defined,  while  others  are  pale  and  indistinct. 

As  the  accommodation  for  a  specified  distance,  in  high 
degrees  of  astigmatism,  varies  in  different  examinations,  or 
even  during  different  periods  of  the  same  examination,  in 
order  to  obtain  absolutely  correct  results,  it  is  first  necessary 
to  paralyze  the  muscle  of  accommodation  with  atropia;  in 
practice,  however,  this  is  sometimes  dispensed  with,  as  the 
determinations  of  the  degrees  of  ametropia  existing  in 
different  meridians  may  often  be  obtained  with  sufficient 
accuracy  for  practical  purposes  without  it;  the  latter  course, 
however,  should  not  be  recommended,  unless  the  patient  is 
so  situated  that  he  can  undergo  several  examinations,  and 
submit  the  prescribed  neutralizing  glasses  to  the  test  of 
experience. 

Clinical  Determination  of  Abnormal  Astigmatism. 

By  means  of  Snellen's  or  Green's  test-circles  of  radiating 
lines. —  A  patient  presents  himself,  and  states  that  he  has 
always  had  defective  vision  ;  that  he  does  not  see  objects  dis- 
tinctly. He  is  requested  to  read  No.  XX  Snellen's  test- 
letters,  hanging  on  the  wall  at  20'  distant ;  this  he  is  unable  to 
do,  but  he  makes  out  No.  XXX  ;  hence,  the  sharpness  of  his 

20 
vision  is  xxx      Now  place  weak  concave  glasses  before  his 

eyes ;  if  these  make  his  sight  worse,  we  conclude  that  he 
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Figure  65. 


Figure  66. 


Figure  67. 
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Figure  68. 


Figure  69. 


Figure  70. 
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is  not  myopic ;  then  test  for  hypermetropia,  by  placing  con- 
Vex  lenses  before  his  eyes.  If  neither  concave  nor  convex 
glasses  improve  his  vision,  we  suspect  that  he  has  abnormal 
astigmatism,  and  to  determine  this,  he  is  requested  to  look  at 
Green's  or  Snellen's  test-circle  of  radiating  lines  hanging  on 


Figure  71. 

the  wall  20'  distant.  He  sees  some  of  the  lines  sharply  defined 
and  very  black,  while  others  are  pale  and  indistinct;  perhaps 
some  appear  separated  by  unequal  distances.  If  it  be  the 
horizontal  lines  that  are  distinctly  seen,  we  know  that  the 
vertical  meridian  is  emmetropic  or  hypermetropic;  to  deter- 
mine which,  place  before  his  eyes  weak  convex  glasses ;  if 
these  dim  his  vision  of  horizontal  lines,  we  then  conclude 
that  the  vertical  meridian  is  emmetropic.  In  these  tests  of 
vision,  each  eye  should  be  examined  separately.  We  now 
desire  to  find  the  degree  of  ametropia  existing  in  the  hori- 
zontal meridian.  To  accomplish  this,  place  successively 
several  weak  concave  lenses  before  the  eye,  and  endeavor  to 
17 
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make  the  vertical  lines  distinctly  seen  ;  if  this  cannot  be  done 
by  negative  lenses,  then  try  convex  ones ;  if,  for  illustration, 
a  positive  spherical  glass  of  ^0,  makes  the  vertical  lines  very 
black  and  distinctly  seen,  we  conclude  that  he  has  hyperme- 
tropia  in  the  horizontal  meridian,  and  that  its  degree  approx- 
imates 20.  We  have  now  ascertained  the  refractive  state  of 
the  eye  in  its  maximum  and  minimum  meridians  of  curva- 
ture. A  cylindrical  convex  lens  of  20"  focus  is  placed 
before  the  eye,  with  its  axis  corresponding  to  the  vertical 
emmetropic  meridian;  instantly  all  of  the  lines  are  distinctly 
and  uniformly  seen ;  the  errors  of  refraction  are  neutralized. 
He  is  now  requested  to  read  No.  XX,  which  he  does  easily. 
His  eye,  with  the  aid  of  the  glass,  has  become  emmetropic. 
Small  print  is  then  given  him,  and  if  he  be  not  presbyopic, 
he  easily  reads  at  5"  or  6"  to  15"  or  18"  from  the  eye.  If, 
in  looking  at  the  test-circle,  none  of  the  lines  are  distinct, 
convex  or  concave  glasses  are  placed  before  the  eye,  until 
one  is  found  which  makes  a  line  distinctly  seen ;  the  focal 
length  of  this  glass  represents  either  the  actual  or  manifest 
grade  of  ametropia  in  the  meridian  perpendicular  to  the 
clearly  seen  line ;  the  other  principal  meridian  can  be  deter- 
mined in  the  same  manner,  and  the  difference  between  the 
glasses  represents  the  astigmatic  variation. 

Method  of  Strawbridge. 

Dr.  George  Strawbridge,  of  Philadelphia,  has  devised  a  very 
excellent  and  convenient  method  for  the  determination  of 
astigmatism.     He  describes  it  as  follows  :  * 

"I  think  it  will  be  readily  admitted  that  a  more  simple  and 
convenient  method  for  the  determination  of  astigmatism  is 
something  very  much  to  be  wished  for,  but  as  yet  not 
reached ;  and,  with  this  end  in  view,  I  submit  the  following 
plan,  based  on  an  experiment  described  in  '  Helmholtz's 
Optics,'  page  107,  to  wit: 

*  Transactions  of  the  American  Ophthalmological  Society,  July,  1871. 
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'* '  If  the  light  from  a  gas-lamp,  or  from  the  sky,  be  allowed 
to  pass  through  a  small  round  opening  in  a  screen,  such  a 
light  will  appear,  to  an  eye  not  exactly  accommodated  for  it, 
as  a  star,  with  light  radiation  proceeding  from  it  in  various 
directions.  Now,  if  a  diaphragm  is  pushed  slowly  from  the 
side  so  as  to  pass  gradually  in  front  of  the  eye,  it  will  be  ob- 
served that  this  "  light  figure  "  begins  to  be  shaded  on  the 
same  side,  from  which  the  diaphragm  was  moved,  if  the  object 
is  farther  removed  than  the  point  for  which  the  eye  is  accom- 
modated, but  from  the  opposite  side,  if  the  object  is  nearer 
than  the  point  for  which  the  eye  is  accommodated.' 

"  The  reason  of  this  will  be  readily  seen  by  examination  of 
Fig.  72. 

"  Rays  of  light  proceeding  from  point  a,  after  passing  through 
lens  b,  will  unite  at  point  C,  and  on  the  retina  E  E'  a  sharp 
image  of  the  object  will  be  thrown.  But,  suppose  the  eye  to 
be  hypermetropic,  and  the  retina  to  be  at  H  H',  then,  instead 
of  a  sharp  image,  circles  of  dispersion  will  be  formed  of  a 
diameter  represented  by  p  q.  If  in  this  circle  we  particular- 
ize the  two  points,  /  q,  which  are  met  by  the  light  proceed- 
ing from  a,  as  a  result,  the  individual,  under  these  circum- 
stances, will  consider  that  the  upper  point  p  in  the  retina 
represents  the  image  of  an  object  situated  in  the  field  of 
vision  below  the  real  light-point  a  (as  P  in  diagram),  and 
the  lower  point  q,  of  an  object  above  the  real  light-point  (as 
Q  in  diagram) :  following  the  rule  that  images  on  the  retina 
are  inverted,  and  a  lower-situated  object  corresponds  to  a 
higher-situated  image  on  the  retina. 

"  Now,  it  will  be  readily  understood  that,  by  cutting  off  the 
rays  of  light  as  in  the  section  S  S'  by  a  diaphragm,  if  the  eye 
is  hypermetropic,  the  semicircle  of  light-dispersion,  p  p' ,  on 
the  retina  H  H',  will  be  intercepted  ;  while,  if  the  eye  is 
myopic,  the  semicircle  of  light-dispersion,  1 1'  on  retina  M  M', 
will  be  intercepted,  and  to  the  observer  the  effect  will  be,  if 
hypermetropia  exists,  that  the  lower  half  of  the  light-circle 
at  a  will  first  vanish  ;  while,  if  myopia  exists,  the  upper  half 
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of  the  light-circle  will  first  disappear  as  a  consequence  of  the 
position  of  the  images  on  the  retina. 

"  With  these  preliminary  remarks,  I  proceed  to  describe 
the  method  of  examination  : 

"  In  the  centre  of  a  Bristol  -  board,  a  round  aperture  of 
thirteen  millimetres  diameter  is  made,  and  at  a  distance  from 


Figure  72. 

a,  Light-point  in  space;  b,  Refractive  media  of  eyeball;  C,  Focus  of  lens  b\ 
E  E/,  Position  of  retina  in  emmetropic  eye;  H  H/ ',  Position  of  retina  in 
hypermetropic  eye;   M  M7,  Position  of  retina  in  myopic  eye. 


this  aperture  of  six  centimetres,  radiate  bars  are  cut  in  the 
Bristol -board,  having  a  length  of  nine  centimetres,  and  a 
width  of  five  millimetres,  and  forming  an  angle  with  each 
other  of  ten  degrees.  (See  Fig.  73.)  Over  this  figure  white 
gauze  paper  is  pasted,  and  a  lamp,  placed  behind,  illuminates 
it  in  its  entire  extent. 

"  The  patient  is  placed  at  a  distance  of  twenty  feet  from 
the  figure,  and  requested  to  observe  the  round  central  open- 
ing, and  to  notice  in  what  direction  it  is  most  elongated. 
This  is  readily  determined  by  observing  to  which  of  the  bars 
in  the  figure  the  light-prolongation  most  closely  corresponds 
in   its  direction,  and  the  result  will  be  controlled,  as  to  its 
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accuracy,  by  also  rinding  which  of  the  bars  are  most  dis- 
tinctly seen.  For  example,  in  a  case  of  myopic  astigmatism 
in  the  vertical  meridian,  it  would  be  found  that  the  light- 
elongation  would  be  upward  and  downward,  and  at  the  same 
time  the  vertical  bar  would  be  most  distinctly  seen. 

"  By  this  procedure  the  direction  of  the  meridian  is  discov- 
ered. The  next  step  is  to  determine  the  refraction  of  the 
meridian. 

"  To  this  end,  a  diaphragm  is  advanced  in  the  direction  of 
the  greatest  elongation  of  the  round  light  (suppose  it  to  be 
vertical,  and  that  the  diaphragm  moves  from  above  down- 
ward), and  the  patient  is  requested  to  notice  whether  the 
upper  half  of  the  round  light  first  disappears  or  the  lower 
half,  as  the  diaphragm  moves  downward;  if  the  upper  half 
is  first  gone,  the  meridian  is  shown  to  be  so  curved  as  to 
cause  a  myopia  to  exist:  while,  if  the  lower  half  of  the  round 
light  is  the  first  to  disappear,  we  conclude  that  a  Jiypcrme- 
tropia  exists. 

"  If  the  entire  round  light  is  found  to  disappear  at  once,  it 
may  be  concluded  that  very  little  astigmatism  exists. 

"  The  direction  of  the  meridians  being  now  known,  as 
well  as  their  refraction,  whether  normal  or  so  curved  as  to 
cause  a  myopia  or  hypermetropia,  the  next  step  would  be  to 
determine  exactly  the  amount  of  abnormality. 

"To  this  end  we  proceed  with  spherical  glasses,  determin- 
ing the  exact  one  necessary  to  see  distinctly  the  proper  bar, 
as  in  the  method  laid  down  by  Snellen. 

"Advantages  of  this  method  — 

"  i.  Simplicity.  The  usual  methods  are,  as  a  rule,  so 
complicated  that  the  patient  often  becomes  confused  in  the 
examination,  and  an  error  can  easily  result;  but  to  this  new 
procedure  no  such  objection  can  be  made. 

"  2.  Accuracy,  which  results  from  the  extreme  delicacy  of 
the  test  formed  by  the  illuminated  bar. 

"  3.  The  great  saving  of  time,  arising  from  the  fact  that 
the  mode  of  examination  can  be  conducted  so  much  more 
quickly  than  by  the  ordinary  methods. 


262 


OPTICAL    DEFECTS. 


"  4.  This  method  allows  of  examination  being  made  en- 
tirely independent  of  daylight,  and  so  obviating  any  incon- 
venience arising  from  defective  illumination  found  in  cloudy 
weather,  etc. 


_~i° 
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Figure  73. 

"  In  Fig.  73,  the  black  circle  and  broad  lines  represent 
the  central  round  aperture  and  bars,  which  are  illuminated 
by  a  light  placed  behind." 

The  method  of  Strawbridge  gives  by  far  the  most  accu- 
rate results,  as  it  does  not  depend  on  the  judgment  of  the 
patient  for  determining  the  acuteness  of  his  perceptions  of 
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the  different  degrees  of  distinctness  with  which  the  test-ob- 
jects are  seen,  which,  after  lengthened  examinations  by  ordi- 
nary methods,  is  liable  to  become  more  or  less  confused. 


Figrure  74. 

Method  of  Risley. 

Recently,  while  on  a  visit  to  Philadelphia,  we  saw  an 
ingenious  instrument  for  the  detection  and  measurement  of 
astigmatism,  devised  by  Dr.  S.  D.  Risley,  which  he  calls  a 
Visaomctcr.  He  claims  for  it,  that  in  its  present  form  it  is 
new,  and  that  with  its  aid  he  can  arrive  at  more  accurate 
determinations  of  the  defects  of  refraction,  with  much  less 
expenditure  of  time,  and  with  less  fatigue  both  to  himself 
and  to  the  patient. 
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As  seen  in  Fig.  74,  his  instrument  consists  of  a  stand, 
which  clamps  firmly  to  the  table.  To  the  top  of  the  stand 
is  fixed  a  pair  of  semicircles,  with  their  concavity  upward, 
for  the  reception  of  trial  glasses,  stenopeic  slit,  etc.  They 
are  graduated  to  correspond  with  the  Nachet  trial  frames. 
In  front  of  the  holders  is  a  triangular  horizontal  bar,  20" 
long,  graduated  in  fractions  of  an  inch.  Upon  this  bar  is 
adjusted  a  freely-moving  carrier,  designed  to  bear  a  series  of 
cards  containing  the  test-types  of  Snellen  and  Jaeger,  and  a 
large  number  of  test-figures  for  astigmatism,  among  which 
is  the  system  of  radiating  lines  of  Dr.  Green,  of  St.  Louis. 
The  whole  set  is  intended  for  use  at  12"  instead  of  20r. 
Many  of  the  tests  are  cut  in  thin  brass  disks,  and  are  to  be 
used  over  an  illuminated  background,  which  is  furnished  by 
different-colored  plates  of  ground  glass.  There  is  a  plate 
fitting  the  carrier,  with  central  opening  designed  to  receive 
these  disks,  and  to  permit  their  free  rotation  over  a  graduated 
scale  corresponding  to  that  upon  the  holders.  One  of  the 
most  valuable  of  this  series  of  test-objects  is  a  wire  optom- 
eter, consisting  of  a  brass  rim  with  two  groups,  each  con- 
taining five  wires,  stretched  one  millimetre  apart,  the  two 
groups  crossing  the  centre  at  right  angles. 

His  determinations  are  all  made  at  an  artificial  far  point  — 
10"  or  12"  inches.  He  regards  the  paralysis  of  the  accom- 
modation by  atropia  necessary  in  every  case  where  a  careful 
measurement  of  the  anomaly  is  desired,  remarking  that 
"  the  accommodation  stands  as  a  never-varying  unknown  quan- 
tity to  vitiate  results." 

He  begins  by  placing  -f  f2  m  tne  holders  before  the  eye, 
and  Jr.  No.  I  or  Sn.  ij  at  12".  The  stenopaeic  slit  is  then 
dropped  into  a  second  groove  in  the  holders,  and  by  means 
of  its  milled  edge  rotated  before  the  eye  until  the  direction 
of  most  distinct  vision  is  found.  The  condition  of  refraction 
in  this  meridian,  and  the  one  perpendicular  to  it,  is  tested  by 
placing  the  trial  glasses  in  front  of  the  slit  in  a  third  groove  in 
the  holders.     The  refraction  of  the  two  meridians,  as  well  as 
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their  direction,  is  thus  rapidly  ascertained.  The  result  is  veri- 
fied by  removing  the  slit,  and  placing  in  its  stead  a  disk  with 
two  perforations  four  millimetres  apart  (Thomson's  modifica- 
tion of  the  experiment  of  Scheiner),  the  holes  being  placed 
in  the  direction  of  the  meridians  of  greatest  and  least  curva- 
ture, already  learned  by  the  stenopeic  slit.  The  letters  at 
12"  are  now  removed,  and  a  brass  disk  with  a  central  hole 
two  millimetres  in  diameter  placed  in  its  stead,  which  affords 
a  bright  point  of  light.  The  ametropia  will  be  revealed  by 
this  being  doubled,  when  viewed  through  the  small  disk 
placed  near  the  eye.  The  glass  which  fuses  the  double 
images  is  the  correcting  glass  for  any  given  ^meridian;  their 
difference  the  degree  of  astigmatism.  This  test  is  further 
employed  by  moving  the  point  of  light  until  the  distance  at 
which  double  images  are  fused  is  found,  when  the  difference 
between  that  and  12"  would  be  the  degree  of  ametropia. 
Several  other  means  are  at  hand  of  arriving  at  the  same 
result,  or  proving  further  results  already  attained, — e.g.  +  T'2 
being  still  before  the  eye,  the  wire  optometer,  or  either  of 
the  numerous  test-figures,  is  placed  at  a  point  too  remote 
for  distinct  vision,  and  carefully  moved  toward  the  eye.  The 
patient  is  requested  to  note  which  diameter  of  the  figures,  or 
set  of  lines  or  wires,  as  the  case  may  be,  first  come  into 
view.  If  the  case  be  one  of  hypermetropia  and  astigmatism, 
this  will  be  farther  than  12"  from  the  eye;  if  myopia,  it  will 
be  nearer  than  1 2" '.  This  point  being  noted,  the  figure  is  now 
moved  up  until  the  lines  perpendicular  to  the  first  are  clearly 
seen,  when,  by  a  very  simple  calculation,  the  degree  of  ame- 
tropia and  astigmatism  is  known;  or  the  test-figure  being 
placed  at  12"  by  means  of  trial  glasses,  the  refraction  of  the 
different  meridians  is  ascertained.  The  selected  combination 
is  then  placed  in  the  holders,  Jr.  No.  I  placed  at  12",  and 
required   to   be  read;    if  this  be  readily  done,   +   y1..   being 

20 
removed,  he  is  expected  to  have  v  =  — .     There  is  also  an 

opportunity  afforded  for  the  employment  of  the  color  tests 
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for  ametropia.  Experience  will  probably  prove  that  the 
determination  of  the  degree  of  ametropia  from  an  artificial 
far  point  is  not  as  reliable  as  that  derived  from  test-objects 
placed  twenty  feet  distant.  Dr.  Risley's  instrument  is  a  very 
convenient  one  for  applying  many  of  the  tests  in  general  use. 
A  valuable  addition  to  the  visuometer  is  an  adjustable 
perimeter,  which  can  be  readily  removed  when  not  in  use. 
It  is  represented  in  the  figure  as  adjusted  for  use. 

Method  of  Dr.  Thompson. 

Dr.  William  Thompson,  of  Philadelphia,  has  devised  a 
very  simple  and  convenient  instrument  for  the  determination 
of  ametropia,  and  which  is  particularly  useful  in  astigmatism 
for  measuring  the  errors  of  refraction  existing  in  the  princi- 
pal meridians.  His  tests  are  exceedingly  delicate,  and  the 
results  obtained  are  remarkably  accurate.  A  description  of 
his  instrument,  and  the  manner  of  using  it,  are  given  in  his 
own  language,  as  written  for  the  "Surgery"  of  Dr.  Gross. 

Dr.  Thompson's  optometer  "  consists  of  four  screens  of 
thin  brass  perforated  as  follows  : 

"  No.  i.  One  hole,  i  millimetre  diameter. 
"     2.   Nine  holes,  J  " 

"    3.  Two  holes,  3  millimetres  apart,  ^  millimetre  diameter. 
"    4.     "       "        4         "  "        1         "  " 

"The  patient,  during  the  investigation,  should  be  placed  in 
a  darkened  room,  at  not  less  than  sixteen  feet  from  a  point 
of  light,  which  may  be  a  candle,  or  gas-light  turned  down 
low.  He  should  look  at  the  light  through  No.  1,  and,  at  the 
same  time,  move  the  screen  quickly  before  his  eye.  If  the 
length  of  the  axis  of  the  eye  be  normal,  and  the  refraction 
hence  emmetropic,  the  point  of  light  will  remain  stationary ; 
should  the  eye  be  ametropic,  the  eye  will  dance  with  each 
movement  of  the  screen.  With  No.  2,  the  light  will  appear 
single  to  an  emmetropic  eye,  multiplied  to  one  ametropic. 
With  No.  3,  the  light  which  enters  the  two  perforations  will 
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appear  to  the  observer,  when  placed  near  to  his  eye,  to 
tome  from  two  large  circles,  at  the  screen,  which  overlap 
each  other  at  their  inner  borders.  In  this  overlapping  space 
only  will  the  test  light  appear  double  to  an  ametropic  eye ; 
and  care  must  be  exercised  that  the  patient  uses  both  aper- 
tures, and  not  one  only;  and  that  his  attention  is  fixed  upon 
the  '  overlapping  space.'  This  screen  is  provided  with  a 
piece  of  ruby  glass,  which  can,  at  pleasure,  be  pushed  over 
one  perforation,  and  thus  color  the  light  which  enters  it  red. 
Let  it  be  supposed  that  a  person  with  myopia  is  under  exam- 
ination, and  that  he  sees  the  light  point  in  the  overlapping 
space  as  two  lights.  On  pushing  the  red .  glass  over  the 
hole  towards  the  right  side,  the  light  on  the  right  appears 
crimson,  and  thus  indicates  that  the  axis  of  the  eye  is  too 
long.  Should  the  axis  be  too  short,  and  hypermetropia  be 
present,  the  left-hand  light  would  become  colored,  when  the 
right-hand  hole  was  covered  with  red  glass. 

11  With  No.  4,  we  are  able  to  determine,  without  test  glasses, 
the  degrees  of  optical  defects,  by  estimating  the  apparent 
distance  apart  of  the  two  lights  as  they  appear  to  an  ame- 
tropic eye.  There  is  a  measured  and  fixed  quantity,  four 
millimetres,  in  the  screen,  and  the  patient  should  be  placed 
at  a  fixed  distance,  five  metres,  from  the  light,  when  the 
degree  of  defect,  and  the  convex  or  concave  glass  proper  for 
its  correction,  can  be  ascertained  by  the  measurement  of  the 
distance  between  the  two  lights.  To  render  this  of  service 
clinically,  these  quantities  have  been  reduced  to  the  English 
measure,  and  a  table  has  been  made,  as  will  be  seen  below, 
to  indicate  at  a  glance  the  optical  defect,  which  accompanies 
each  separation,  in  inches,  of  the  two  lights. 

"The  patient  being  placed  sixteen  feet  from  a  small  point 
of  light,  when  it  appears  double,  approach  to  it  a  second 
light,  held  in  the  surgeon's  hand,  until  of  the  four  points 
which  the  patient  then  perceives,  the  right  hand  one  of  the 
fixed,  and  the  left  hand  one  of  the  moving,  lights  are  super- 
imposed, and  the  patient  sees  but  three  ;  then  ascertain  with 
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an  ordinary  measure  the  distance  between  the  two  lights, 
and  its  corresponding  optical  defect  can  be  read  off  from  the 
table. 

"A  blackened  tin  disk,  ten  inches  in  diameter,  having 
white  lines  one  inch  apart  painted  on  its  face,  attached  to 
a  spring  candlestick  by  a  pivot,  having  in  its  centre  an 
opening  j  inch  in  diameter,  through  which  the  light  of  a 
candle  may  be  transmitted,  affords  a  very  useful  instrument. 
Let  the  patient  regard  this  small  point  of  light,  and  when 
he  sees  it  double,  he  can  at  the  same  time  determine  the 
number  of  white  lines  between  the  lights,  and  hence  the  dis- 
tance, since  the  lines  are  one  inch  apart.  By  rotating  the 
disk  and  changing  the  position  of  the  screen,  any  meridians 
of  the  eye  can  be  examined  in  cases  of  astigmatism. 

"  By  examining  the  table,  it  will  be  observed  that  a  separa- 
tion of  one  inch  indicates  an  ametropia  of  3^,  and  may  be 
corrected  by  a  +  or — .^,  which  will  fuse  the  two  lights 
into  one. 
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Methods  of  Young  and  Graefe. 

Thomas  Young  proved  the  existence  of  astigmatism  in 
his  own  eyes,  by  means  of  fine  wires ;  he  found  that  he  had 
to  vary  their  distances  from  the  eye,  that  they  might  be  dis- 
tinctly seen  in  the  different  meridians.  Graefe  also  made 
use  of  the  "  Wire  Optometer"  to  determine  astigmatism  and 
its  degree.  His  instrument  consisted  of  fine  wires  stretched 
across  a  frame,  having  a  tape-measure  attached,  with  which 
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to  note  the  distance  of  the  wires  from  the  eye,  in  its  adjust- 
ment for  the  different  meridians. 


Method  of  the  Stenopaeic  Slit. 

Another  method  of  ascertaining  the  existence  of  astigma- 
tism is  this.  While  looking  at  letters  or  other  objects,  a 
stenopaeic  instrument  is  placed  before  the  eye, —  that  is,  a 
narrow  slit  half  a  line  to  a  line  in  width  cut  in  a  blackened 
card  or  metal  plate, —  one  that  has  a  slide  is  preferable,  so  that 
the  slit  may  be  narrowed  or  widened  at  pleasure,  —  and 
rotated  in  a  plane  perpendicular  to  the  visual  line ;  if  there 
be  astigmatism,  some  position  of  the  slit  will  be  found  in 
which  vision  is  improved  ;  when  the  slit  is  turned  perpendicu- 
lar to  this,  the  greatest  indistinctness  will  result.  The  posi- 
tions causing  the  maximum  and  minimum  degrees  of  dis- 
tinctness determine  the  situations  of  the  meridians  having 
the  maximum  and  minimum  radii  of  curvature.  By  means 
of  spherical  glasses  placed  behind  the  instrument,  the  degree 
of  ametropia  existing  in  the  different  meridians  can  easily 
be  ascertained. 

Method  by  the  Phenomena  of  Dispersion. 

Helmholtz  has  shown  that  high  degrees  of  astigmatism 
can  be  detected  by  means  of  the  phenomena  of  dispersion, 
if  colors  having  the  greatest  difference  in  the  degrees  of 
refrangibility  be  employed.  Dark  violet-colored  glass  ex- 
cludes the  middle  rays  of  the  solar  spectrum,  and  permits 
the  passage  of  the  red  and  violet  rays.  Dark-blue  cobalt 
glass  permits  the  red  and  blue  rays  to  pass  through  it,  while 
it  excludes  the  others.  Now,  if  sunlight  falls  on  a  dark 
screen,  in  which  there  is  a  round  or  square  hole  which  permits 
the  light  to  pass,  a  myopic  person  with  the  violet  glass  before 
his  eyes  will  see  the  edges  of  the  hole  in  the  screen  blue, 
while  its  middle  will  be  violet.  If  he  be  hypermetropic,  the 
centre  will  be  blue,  and  the  border  red.     If  a  candle  be  em- 
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ployed,  the  myopic  eye,  looking  through  dark  cobalt  glass, 
sees  the  edges  of  the  flame  blue,  and  its  central  part  red;  on 
the  contrary,  if  the  eye  be  hypermetropic,  the  position  of  the 
colors  is  exactly  reversed.  In  high  degrees  of  astigmatism, 
if  the  vertical  edges  of  the  candle  are  red,  and  the  superior 
and  inferior  parts  blue,  or  vice  versa,  it  indicates  myopia  in 
one  of  the  principal  meridians,  and  hypermetropia  in  the 
other.  If,  on  looking  through  the  colored  glass,  the  point 
of  light  be  drawn  out  into  a  line,  the  extremities  are  of  one 
color  and  its  middle  another.  The  explanation  of  these  phe- 
nomena is  very  simple,  and  has  been  given  on  page  43. 

Various  complicated  instruments  have  been  devised  and 
constructed  to  determine  the  degrees  of  astigmatism  and  the 
positions  of  the  principal  meridians.  Among  these  the  "  as- 
tigmatic lens  of  Stokes  "  has  taken  pre-eminence.  It  con- 
sists of  a  convex  and  a  concave  cylindrical  lens  placed 
in  rings  which  rotate  on  each  other.  By  arranging  the  axes 
of  the  lenses  parallel,  one  exactly  neutralizes  the  other. 
The  instrument  is  now  placed  before  the  eye,  and  one 
ring  rotated  on  the  other  until  a  point  is  found  where  the 
vision  becomes  distinct.  Figures  are  placed  on  the  edges 
of  the  rings,  by  which  the  degree  of  ametropia  can  be  at 
once  determined,  and  the  position  of  the  glasses  indicates 
the  situation  of  the  principal  meridians.  Donders  states  — 
and  the  same  remark  is  applicable  to  most  other  compli- 
cated instruments  devised  for  a  similar  purpose  —  "  that  the 
method  is  not  very  applicable  to  practice."  The  asym- 
metry of  the  different  meridians  may  be  measured  by 
"ophthalmoscopic  optometry."  It  is  only  necessary  to  find 
a  glass  which  makes,  in  the  erect  image,  the  retinal  vessels  in 
any  particular  meridian  distinctly  seen ;  the  focal  length  of 
the  glass,  increased  or  diminished  by  its  distance  from  the 
eye,  as  the  required  lens  may  be  positive  or  negative, 
indicates  the  degree  of  asymmetry  in  the  meridian  perpen- 
dicular to  the  directions  of  the  vessels.  Drs.  Knapp  and 
Schweiger  were  the  first  who  pointed  out  the  variable  forms 
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of  the  optic  disk,  as  seen  with  the  ophthalmoscope,  as  an 
indication  of  the  existence  of  abnormal  astigmatism ;  the 
direction  of  its  elongation  determining  one  of  the  principal 
meridians. 

In  abnormal  astigmatism  the  greatest  disturbances  to  vision 
take  place  when  the  pupil  is  widely  dilated ;  the  smallest 
when  it  is  most  contracted ;  hence,  subjective  examinations 
are  usually  made  when  the  size  of  the  pupil  is  a  medium 
between  the  two  extremes,  particularly  when  it  is  desired  to 
verify  by  experience  the  correctness  of  the  results  obtained 
with  paralyzed  accommodation. 

Forms  of  Astigmatism. 

The  following  are  the  different  forms  of  astigmatism,  de- 
scribed and  named  by  Donders,  according  to  the  symmetri- 
cal or  asymmetrical  formation  of  one  or  both  of  the  principal 
meridians. 

1.  a,  Simple  myopic  astigmatism. 
b,  Compound    "  " 

2.  a,  Simple  hypermetropic  M 
b,  Compound    "  " 

3.  Mixed  astigmatism. 

Simple  myopic  astigmatism  is  where  one  of  the  principal 
meridians  is  emmetropic ;  the  other,  myopic.  If,  for  illustra- 
tion, there  be  E.  in  the  horizontal  meridian  and  myopia  of  y^ 
in  the  vertical,  the  astigmatic  deviation  is  found,  and  is  ex- 
pressed as  follows  :  Am.  =  -  —  -  =  — . 
r  10      «      10 

Compound  myopic  astigmatism  is  that  condition  in  which 
myopia  exists  in  all  of  the  meridians,  but  to  a  greater  degree 
in  some  than  in  others.     For  illustration,  let  there  be  myopia 

in  the  horizontal  meridian  =  ^,  and  in  the  vertical  =  c  ,  then 

1        1         1  1  b 

g  —  l6  =  l6-     M.  =  l6  exists  in  horizontal   meridian  and  Am. 

=  ^  exists  in  the  vertical  meridian,  expressed  M.  ^+Am. 
1 
16* 
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Simple  hypermetropic  astigmatism  is  where  E.  exists  in 
one  of  the  principal  meridians  and  H.  in  the  other.  For 
illustration,  let  there  be  in  the  vertical  meridian  E.,  and  in 
the  horizontal  meridian  H.  =  —  expressed  Ah.  = ^  =  — 

Compound  hypermetropic  astigmatism  is  where  hyperme- 
tropia  exists  in  all  the  meridians,  but  to  a  higher  degree  in 
some  than  in  others.     If  in  the  horizontal  meridian  there  be 

H.=  — ,  and  in  the  vertical  H.  =  — ,  then  Ah.  = =  — , 

20'  10  10       20       20 

which  indicates  the  astigmatic  deviation.  This  condition  of 
the  eye  is  expressed  as  follows,  H.  —  -f-  Ah.  — 

Mixed  astigmatism  indicates  that  M.  exists  in  one  of  the 
principal  meridians  and  H.  in  the  other. 

If  the  M.  predominates,  it  is  expressed  Amh. 

"     "     H.  "  "         "       "        Ahm.      For  illus- 

tration, M.  =  —  in  the  v  meridian,  H.  =  —  in  the  h  meridian. 

Then  it  is  expressed  Amh.  =  M.  -  -f  H.  —  =  -g . 

1  4 

If,  on  the  contrary,  H.  =  —  in  the  //  meridian, 

M.  =  l"     "    v        "         . 

Then  it  is  expressed,  Ahm.  =  H.  —  -f  M.  —  =  g-" 

As  to  the  influence  of  asymmetry  of  the  crystalline  lens, 
Donders  states  that  investigations  "  have  supplied  me  zvith  proof 
that,  with  a  high  degree  of  asymmetry  of  the  cornea,  asymmetry 
of  the  crystalline  lens  exists,  acting  in  such  a  direction,  that  the 
astigmatism  for  the  whole  eye  is  7iearly  always  less  than  that 
proceeding  from  the  cornea!'  Abnormal  astigmatism  is  usually 
congenital,  and  often  hereditary.  When  one  of  the  parents  is 
affected,  often  several  of  the  children  are  likewise  affected, 
each  one  having  a  similar  form  of  asymmetry.  Hypermetropic 
astigmatism  is  much  more  common  than  the  myopic  form. 
Both  eyes  are  usually  similarly  affected,  although  one  may 
be  astigmatic  and  the  other  emmetropic.  When  the  asym- 
metry is  confined  to  a  single  eye,  there  is  usually  asymmetry 
of  the  bones  forming  that  orbit,  particularly  in  the  hyperme- 
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tropic  form.  The  former  is  more  frequently  accompanied  by 
symptoms  of  accommodative  asthenopia.  In  the  higher  de- 
grees of  abnormal  regular  astigmatism,  the  disturbance  of 
vision  is  very  marked  ;  the  retinal  images  are  distorted  and  the 
impressions  projected  outward,  causing  objects  to  appear  of 
unnatural  shapes.  Parts  of  them  are  sharply  seen,  while  other 
parts  are  indistinct.  There  is  a  continual  effort  made  by  the 
accommodation  to  find  some  point  of  adjustment  that  ren- 
ders vision  more  clear ;  but  it  is  difficult  to  determine  this 
point  accurately,  as  there  is  wanting  that  definite  sensation 
which  determines  the  exact  required  amount  of  innervation 
of  the  ciliary  muscles.  They  act  in  a  hesitating,  unsteady 
manner,  causing  rapid  changes  in  the  accommodation  that 
produce  alternating  images.  "  It  is  now  easy  to  understand 
how,  in  the  endeavor  to  guess  at  the  form  of  objects,  from 
the  alternating  images  which  appear  in  the  agitation  of 
accommodation,  psychical  fatigue  is  soon  created,  with  which, 
under  some  circumstances,  as  the  result  of  the  excessive  ten- 
sion of  the  accommodation,  phenomena  of  asthenopia  are 
combined.  It  is  therefore  no  wonder  that  astigmatic  persons 
should  feel  so  exceedingly  pleased  at  the  correction  of  their 
anomaly,  and  should  manifest  their  pleasure  in  a  more  lively 
manner  than  ordinary  ametropic  individuals."   (Dondcrs) 

Treatment  of  Abnormal   Regular  Astigmatism  by  the 
Adaptation  of  Cylindrical  Lenses. 

The  remedy  for  abnormal  astigmatism  consists  in  neu- 
tralizing the  errors  of  refraction  of  each  particular  meri- 
dian by  means  of  cylindrical  or  spherico-cylindrical  lenses. 
Cylindrical  lenses  are  longitudinal  sections  of  cylinders.  They 
are  convex  or  concave,  according  as  they  are  sections  of  the 
outer  or  inner  surfaces  of  a  hollow  cylinder.  They  may  be 
either  piano- convex  or  plano-concave,  bi-convex  or  bi-con- 
cave,  or  they  may  have  the  forms  of  the  positive  or  negative 
meniscus.  Spherico-cylindrical  glasses  have  one  surface 
ground  spherical  and  the  other  cylindrical.     In  a  simple  cylin- 


274  OPTICAL    DEFECTS. 

drical  lens,  rays  of  light  falling  on  the  plane  of  the  meridian 
passing  through  its  axis,  do  not  change  their  direction ;  in 
this  meridian  the  lens  is  simply  a  plate  of  glass  with  parallel 
surfaces.  All  the  other  meridians  refract  the  light, —  those 
nearest  the  axis  the  least,  but  with  gradually  increasing 
power  as  they  approach  the  meridian  perpendicular  to  the 
axis,  in  which  position  the  maximum  degree  of  refraction 
is  attained.  Precisely  the  same  gradations  of  refractive 
power  take  place  in  the  eye,  between  the  normal,  or  the 
least  deviating  meridian,  and  the  one  of  the  greatest  astig- 
matic deviation ;  consequently,  if  in  simple  astigmatism  a 
cylindrical  glass  of  suitable  strength,  positive  or  negative, 
as  the  case  may  be,  be  placed  before  the  eye  with  its 
axis  corresponding  to  the  emmetropic  meridian,  the  errors 
of  refraction  of  each  deviating  meridian  will  be  neutralized 
and  the  v.  should  then  =  I.  In  case  of  compound  myopic  or 
hypermetropic  astigmatism,  the  ametropia  in  the  least  devi- 
ating meridian  should  be  first  neutralized  by  a  spherical  lens, 
and  the  astigmatic  deviation  by  a  cylindrical  lens,  with  its 
axis  in  the  plane  of  the  meridian  made  emmetropic  by  the 
spherical  glass.  Mixed  astigmatism  is  corrected  either  by 
a  spherico-cylindrical  lens  of  required  strength,  or  by  a 
positive  and  a  negative  cylindrical  lens  placed  in  apposition 
with  axes  perpendicular  to  each  other.  We  give  the  proper 
strength  of  the  neutralizing  cylindrical  glass,  and  of  the 
position  of  its  axis,  in  a  supposed  case  of  each  of  the 
different  forms  of  abnormal  regular  astigmatism.  The  dis- 
tance of  the  glass  from  the  eye  is  not  taken  into  consideration 
in  these  examples. 

Simple  myopic  astigmatism. 

If  there  be  in  h  meridian  E. 

«    v         «        M.  =  j0, 

then  Am.  =  — ,  and  the  proper  lens  to  correct  it  would  be  a 
cylindrical  concave  of  20"  focus,  axis  horizontal. 
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Compound  myopic  astigmatism. 

If  there  be  in  the  principal  h  meridian  M.  =  -Q, 

"    v      ■•      M-  =  r0' 

then  there  is  a  myopia  of-Q  with  an  astigmatic  deviation  of 
-,  expressed  M.  =  -+Am,  — .  This  is  corrected  by  a  lens  one 
surface  spherical  —  -Q}  and  the  other  cylindrical  —  ~0,  writ- 
ten —  —    So  — 2~  C,  axis  horizontal. 

Simple  hypermetropic  astigmatism. 

If  there  be  in  the  v  principal  meridian  E., 

h       "  "        H  =  - 

11.       I2, 

then  Ah.  =  -.     This  would  be  corrected  by  -f  -  ,  cylindrical 

lens  axis  vertical. 

Compound  hypermetropic  astigmatism. 

In  the  principal  v  meridian  let  there  be  H.  =  jg, 

"      h         "         "  H  =  - 

12* 

There  is  hypermetropia  in  all  of  the  meridians,  but  not  of 
uniform   degree.     The  astigmatic  deviation  is  -  —  -Q  =  A, 

j  j  12  15  30 

expressed  H.  jg  -f  Ah.  j&  This  is  corrected  by  a  spherico- 
cylindrical  lens,  one  surface  ground  spherical  +  -gl  the  other 
cylindrical  +  ^,  written  +  lS  SO  +  ^C,  axis  vertical. 

Mixed  astigmatism. 

Here,  as  the  hypermetropia,  in  reference  to  the  far  point, 
has  a  negative  value  as  compared  to  the  myopia,  the  astig- 
matic deviation  is  found  by  adding  the  refractive  state. 

Predominant  myopia. 

Let  in  the  v  principal  meridian  M.  =  o, 

"       "    h  "         "         "  H.  =  p6« 
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then  Amh.  =  -g  +  ^  =  -],,  neutralized  by  a  bi-cylindrical  lens, 
one  surface  concave,  the  other  convex,  axes  perpendicular  to 
each  other,  written  -f  ~6  C  (~~  -g  C,axis  of  concave  surface  hori- 
zontal, the  convex  will  then  be  vertical. 


Predominant  hypermetropia. 

Let  in  the  v  principal  meridian  M. 


"        u      h        "        "        -    H.=-6, 

then  Ahm.=-  -f-g  =--,  neutralized  with  a  bi-cylindrical  glass, 

expressed  +  ~^  C  |~~  —  -  C,  axis  of  convex  surface  vertical ; 

of  the  concave  surface  horizontal.  Mixed  astigmatism  may 
also  be  neutralized  by  spherico  -  cylindrical  glasses.  In 
the    first    case    above    given,   the    required   glass  would   be 

.7S0  —  ~- i  C,  axis  horizontal.     In  the  second  instance,  the 

1  1 

correcting  glass  would  be  —  -  S  O  +  -  C,  axis  vertical.     On 

account  of  the  prismatic  deviations  and  lateral  distortion  of 
objects  caused  by  the  strongly  curved  surfaces  of  this  form 
of  lens,  required  in  high  degrees  of  mixed  astigmatism,  the  bi- 
cylindrical  glass  is  preferable,  which  should  be  made  from 
crown-glass,  owing  to  its  feebler  dispersive  power.  It  is  not 
always  desirable,  in  high  grades  of  astigmatism,  to  bring  the 
far  point  to  an  infinite  distance,  on  account  of  the  very 
strongly  curved  cylindrical  surfaces  required  to  produce  this 
result,  as  these  would  cause  more  or  less  spherical  and  chro- 
matic aberrations  ;  the  obliquely  falling  rays  would  produce 
distorted  retinal  images  of  objects  which  would  be  excessively 
annoying,  besides  the  disturbance  of  the  innate  conditions 
of  relative  associations  that  lead  to  asthenopia.  "  This  dis- 
turbance is  very  decided  even  in  simple  myopia  and  hyper- 
metropia of  a  high  grade,  but  is  even  greater  where  there  is 
accompanying  astigmatism,  since  here  the  necessity  for  a 
greater  visual  angle  for  sharp  vision  increases  considerably 
the  deviation  of  the  natural  states  of  association."  (Stelhuag.) 
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In  certain  cases  it  is  only  desirable  to  bring  the  far  point  to 
a  distance  suited  for  special  occupations,  as,  for  illustration, 
reading  music,  etc.;  here  r  should  be  at  about  24"  from  the 
eyes.  It  is  necessary,  to  accomplish  this  result,  to  bring 
both  chief  meridians  to  the  same  adjustment,  for  example  ^, 
instead  of  rendering  the  eye  emmetropic.  This  is  done  by 
deducting  the  desired  adjustment  from  the  power  of  the 
spherical  surface  of  the  correcting  lens,  necessary  to  remove 
r  to  an  infinite  distance.     For  illustration,  suppose  the  lens 

required   to   render  the  eye  emmetropic  be  —  ~S  O  —  - 

C,  then  to  partially  neutralize  the  ametropia,  and  enable  the 
music  to  be  at  r,  that  is,  24"  from  the  eye',  3\  must  be  de- 
ducted from  the  strength  of  the  spherical  surface  of  the  lens, 

—  thus  -  —  -  =  -.     The  proper  glass   then   would  be  — 

r4So-^c. 

With  the  latter  glass,  objects  should  be  distinctly  seen  24" 
from  the  eye.  Other  distances  are  obtained  in  a  similar  man- 
ner. Cylindrical  glasses,  while  they  greatly  improve  the 
vision  of  the  astigmatic  eye,  can  never  render  it  perfect;  the 
neutralization  is  never  complete  ;  if  the  cylindrical  lens  could 
be  made  an  integral  part  of  the  dioptric  apparatus,  this  might 
be  accomplished  ;  but  it  is  necessary  to  place  the  glasses  at 
a  distance  from  the  eyes,  and  to  have  the  errors  of  refraction 
corrected,  the  planes  of  light  passing  through  each  meridian 
must  fall  perpendicularly  on  the  meridian  of  the  curva- 
ture of  the  surface  of  the  lens,  which  corrects  a  deviating 
meridian  of  the  cornea,  lying  in  the  same  plane.  As  the  lens, 
after  being  suitably  adjusted  to  neutralize  the  errors  of  refrac- 
tion in  each  plane  of  light  falling  perpendicularly  on  a  meridian 
of  the  lens  surface,  and  passing  through  a  correspond- 
ing meridian  of  the  eye,  cannot  change  its  position,  it  fol- 
lows that  every  movement  of  the  latter  displaces  this  accurate 
adjustment,  so  that  planes  of  light,  passing  through  each 
meridian  of  the  glass,  no  longer  correspond  to  the  meridian 
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of  the  eye,  the  refraction  of  which  it  should  correct.  This 
constant  variation  in  the  positions  of  the  eye  in  reference  to 
the  fixed  glass  does  not,  in  low  degrees  of  astigmatism, 
seriously  interfere  with  the  sharpness  of  vision ;  but  in  the 
higher  grades  it  becomes  the  source  of  great  disturbance, 
for  which  there  is  no  remedy. 

Irregular  Astigmatism. 

This  form  of  astigmatism  is  also  divided  into  normal  and 
abnormal.  The  former  has  its  origin  in  the  peculiar  construc- 
tion of  the  lens ;  the  latter  may  be  connected  with  irregulari- 
ties either  of  the  cornea  or  of  the  lens. 

Normal  Irregular  Astigmatism.  —  In  a  child  recently  born, 
the  anterior  surface  of  the  crystalline  lens  has  three  lines 
radiating  from  its  centre,  dividing  the  surface  into  three  tri- 
angles ;  along  the  course  of  each  of  these  lines,  filaments 
arise  and  pass  towards  the  equator  over  which  they  bend ; 
those  filaments  having  their  origin  near  the  anterior  pole 
terminate  in  flattened  filaments  just  behind  the  equator, 
while  those  arising  farther  from  the  anterior  pole  terminate 
proportionally  nearer  the  posterior  pole.  "  Thus,  a  number 
of  filaments  form  one  triangle  in  the  anterior  half,  while  in 
the  posterior  half  they  form  two  triangles  of  nearly  equal 
size,  which  are  only  the  halves  of  two  other  similar  triangles 
on  the  posterior  surface.  In  the  newly  born,  on  the  anterior, 
as  well  as  on  the  posterior,  of  each  layer,  there  are  almost 
always  three  such  triangles.  They  are  called  vortices,  and 
form  a  stellate  figure  with  three  rays.  With  advancing  age 
and  continued  apposition  of  new  filaments,  these  vortices 
multiply,  and  the  rays  of  the  stellate  figure  increase.  Finally, 
a  second  set  of  vortices  is  developed,  which  come  to  a  point 
at  some  distance  from  the  pole."  (Stellzuag.)  It  is  easily 
seen  that  each  of  these  sectors — and  even  the  filaments  which 
comprise  them  —  have  irregularly  curved  surfaces,  and  that 
these  are  spread  over  the  curved  surfaces  of  the  lens.  The 
central  portions  of  the  sectors  and  of  the  filaments  act  as  so 
many  minute,  weak   convex  spherical  or  cylindrical  lenses 
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lying  on  the  surface  of  the  lens,  while  the  depressions  which 
exist  at  the  juxtaposition  of  the  sectors  and  filaments  act  as  so 
many  exceeding  minute  and  feeble  concave  lenses.  If  a  small 
round  ink  dot  be  made  on  a  piece  of  white  paper,  and  the 
eye  be  accurately  adjusted  for  the  black  spot,  it  will  appear 
round  and  sharply  defined  ;  if  now  it  be  brought  slightly 
within  the  near  point,  each  of  the  smaller  convex  surfaces 
will  unite  the  rays  from  the  dot  falling  on  it,  at  different 
points  on  or  near  the  retina,  so  that,  instead  of  one  black  dot, 
numbers  of  pale  or  grayish  ones  are  seen,  generally  arranged 
in  a  circular  form,  although  their  numbers  and  positions  vary 
with  different  persons  and  in  the  two  eyes  of  the  same  person. 
When  the  dot  is  carried  a  little  beyond  the  far  point,  its  images 
again  become  broken  into  numbers  of  indistinct  ones;  but 
here  it  is  the  little  concave  surfaces  which  make  the  separate 
images,  because  their  foci  are  farther  back  than  the  focus  of 
the  lens.  In  order  that  the  object  may  be  more  easily 
moved  nearer  or  beyond  the  point  of  distinct  vision,  a 
convex  lens  of  {  or  J  should  be  placed  before  the  eye.  Simi- 
lar effects  can  be  produced  by  placing  a  minute  granule  of 
white  lead,  obtained  from  scraping  a  visiting-card,  on  a  piece 
of  black  velvet ;  but  here  each  spot  appears  radiatingly  elon- 
gated ;  the  phenomena  of  dispersion  comes  into  play,  causing 
alternate  red  and  blue  centres  and  borders,  according  as  the 
object  is  situated  nearer  or  farther  than  the  point  of  distinct 
vision.  If  the  granule  be  exceedingly  minute,  the  elongated 
lines  give  way  to  "  slender  rays,  which,  when  the  granule  lies 
nearer  than  the  distance  of  distinctness,  do  not  run  together 
in  the  middle,  and  which,  on  the  contrary,  have  a  white  spot 
in  the  centre,  when  the  object  is  beyond  the  distance  of  dis- 
tinct vision."  (Dondcrs)  A  point  of  bright  light,  when  just 
outside  the  limits  of  distinct  vision,  divides  into  a  number  of 
bright  rays,  each  central  point  corresponding  with  one  of  the 
pale  dots,  when  the  latter  was  experimented  with.  An  imper- 
fectly defined  image  of  a  minute  object  is  formed  by  each 
sector  of  which  the  lens  is  composed,  and  when  the  accom- 
modation cannot  be  quite  adjusted  for  the  multiple  images.it 
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is  likely  that  the  lens  filaments,  which  are  a  little  flattened 
and  proceed  from  the  radiating  lines  passing  toward  the 
equator,  act  as  numerous  minute  cylindrical  lenses ;  that  is, 
they  unite  homocentric  rays  falling  on  them  in  lines.  A  pres- 
byopic person,  when  he  attempts  to  read  print,  particularly 
by  artificial  light,  for  which  his  glasses  are  a  little  too  weak  for 
accurate  adjustment,  oft£n  sees  the  page  mottled,  as  it  were, — 
some  spots  in  which  the  print  is  very  black,  others  in  which  it 
is  very  pale  or  grayish.  The  causes  of  irregular  astigmatism 
have  their  origin  undoubtedly  in  the  peculiar  structure  of  the 
crystalline  lens ;  the  irregular  sectors  of  its  anterior  surface, 
and  the  radiating  figures  from  which  the  fibres  proceed,  can 
be  plainly  seen  by  an  observer  in  oblique  illumination,  and 
by  a  person  himself  in  entoptic  examinations.  The  sectors 
are  irregularly  curved,  giving  rise  to  distorted  or  astigmatic 
images.  That  normal  irregular  astigmatism  causes  monocu- 
lar polyopia,  etc.,  which  arise  from  inequalities  in  the  structure 
of  the  lens,  is  proved  by  the  fact  that  when  the  crystalline  is 
removed  these  disappear.  They  are  seldom  so  sufficiently 
marked  in  persons  having  a  good  range  of  accommodation, 
particularly  in  binocular  vision,  as  to  interfere  with  the  sharp- 
ness of  vision.  In  diminished  range  of  accommodation, 
when  the  object  is  easily  moved  out  of  the  region  of  distinct 
vision,  the  phenomena  often  appear.  Abnormal  irregular 
astigmatism  may  be  caused  either  by  irregularities  of  the  cor- 
nea, or  of  the  lens,  or  by  the  misplacement  of  the  latter  giving 
it  an  oblique  position.  The  regularity  of  the  surface  of  the 
cornea,  or  of  single  meridians,  may  be  destroyed  either  by 
disease  or  by  injuries.  Among  the  diseases  that  change  the 
regular  convexity  of  the  anterior  surface  of  the  eye,  and  which 
lead  to  a  high  degree  of  irregular  astigmatism,  may  be  men- 
tioned conical  cornea.  This  condition  is  often  overlooked, 
and  what  is  really  an  error  of  refraction  is  too  frequently 
attributed  to  and  treated  for  amblyopia.  Graefe,  and  more 
recently  Mr.  Bader,  relieved  such  cases  and  restored  vision, 
by  shaving  off  the  apex  of  the  cornea  and  producing  a 
cicatrix,  the    contraction   of  which   restored  the   cornea  to 
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its  natural  shape.  When  this  happy  result  does  not  take 
place,  it  is  recommended  to  excise  a  portion  of  the  iris  at 
some  place  where  there  is  the  least  change  in  the  form  of 
the  cornea,  so  that  light  passing  through  the  new  opening 
maybe  less  disturbed  by  irregular  refractions.  Inflammation 
of  the  cornea,  giving  rise  to  softening,  and  consequently 
extension  of  particular  parts,  sometimes  leads  to  asymme- 
try of  its  curvature.  Cicatrices  from  ulcers,  by  contraction, 
often  destroy  the  normal  form  of  the  cornea;  also,  cicatrices 
from  injuries  and  wounds,  particularly  flap  operations  for 
extraction  of  cataracts,  when  union  takes  place  by  granula- 
tion or  portions  of  the  iris  are  healed  in  the  wound,  producing 
distortion  of  the  pupil,  so  that  light  passes  through  a 
part  of  the  flap  which  has  lost  its  normal  curvature.  This 
condition  can  usually  be  corrected  by  a  cylindrical  glass,  or 
by  giving  a  spherical  glass  placed  in  an  oblique  position. 
Ectopia,  or  a  slight  displacement  of  the  lens  within  the  ciliary 
processes,  without  detachment,  is  not  unfrequently  the  cause 
of  a  high  degree  of  irregular  astigmatism.  The  displacement 
usually  takes  place  upwards  and  inwards,  the  visual  line 
passing  through  the  lens  near  its  border.  Rays  of  light  are 
thus  acted  on  the  same  as  by  a  prism  with  curved  surfaces; 
frequently  giving  colored  borders  to  objects,  which  are  always 
more  or  less  distorted.  Ectopia,  according  to  Stellwag,  "  is 
always  congenital,  often  hereditary,  and  frequently  accom- 
panied by  a  decided  myopic  formation  of  the  eye."  Opaque 
spots  on  the  capsules,  or  opacities  of  certain  parts  of  the 
crystalline  lens,  also  cause  irregular  distortions  of  retinal 
images.  Irregular  astigmatism  cannot  be  entirely  cor- 
rected. Cylindrical  or  stenopaeic  glasses  may  partially  do 
so,  but  vision  can  seldom  be  made  to  come  up  to  the  normal 
standard.  Stenopaeic  slits  or  glasses  are  made  to  direct  the 
light  to  certain  points  where  the  rays  are  the  least  abnor- 
mally refracted,  and  to  exclude  it  from  those  parts  which 
produce  the  greatest  disturbances  to  vision  ;  the  stenopaeic 
apparatus,  combined  with  the  cylindrical  lens,  may  often  be 
of  service  in  improving  vision. 
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DIFFERENCE  IN  REFRACTION  OF  THE 
TWO  EYES. 

There  generally  exists  a  great  similarity  between  the  two 
eyes,  any  difference  being  so  slight  that  it  requires  delicate 
tests  to  determine  it.  It  is  the  popular  belief  that  the  acute- 
ness  of  vision  of  the  right  is  greater  than  of  the  left  eye.  This 
is  an  error.  The  acuteness  of  sensibility  of  the  two  eyes  is 
generally  almost  the  same,  particularly  when  either  is  used 
singly,  but  in  binocular  vision  the  sensorium  gives  preference 
to  the  perception  of  images  formed  in  the  right  eye.  This 
will  be  manifest  to  most  persons  with  eyes  nearly  alike,  if  an 
attempt  be  made  to  place  the  finger  in  the  line  of  vision  when 
both  eyes  are  directed  to  an  object.  It  will  generally  be 
found  that  the  finger  obstructs  the  visual  line  of  the  right 
eye.  In  looking  at  an  object  situated  in  front  of  a  back- 
ground, while  the  attention  is  not  particularly  directed  to  the 
latter,  if  a  card  be  placed  before  the  left  eye,  the  disappear- 
ance of  that  portion  of  the  back-ground  alone  visible  to  the 
left  eye,  will  scarcely  be  noticed,  while,  if  the  card  be  placed 
before  the  right,  the  disappearance  of  that  part  of  the  back- 
ground belonging  to  this  eye  will  sooner  attract  attention. 
The  perfection  with  which  images  are  fused  in  the  stereo- 
scope furnishes  an  excellent  means  of  determining  the  degree 
of  inequality  of  refraction  existing  between  the  two  eyes.  If 
there  be  much  difference,  perfect  fusion  of  the  two  images  can- 
not take  place.  Where  monocular  vision  is  required,  as  in 
sighting  artillery,  fire-arms,  determining  straight  lines  and 
rectilinear  surfaces,  in  the  use  of  the  microscope,  telescope, 
etc.,  preference  is  usually  given  to  the  right  eye.  But  while, 
as  above  stated,  the  two  eyes  are  generally  very  nearly  alike, 
cases  are  frequently  met  with  in  which  they  differ  more  or 
less  widely.     One  eye  may  be  emmetropic,  the  other  ame- 
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tropic,  or  both  may  be  ametropic,  but  of  different  degrees. 
In  general,  the  same  form  of  ametropia  exists  in  both  eyes, 
but  of  a  higher  degree  in  one  than  in  the  other;  or,  in  rare 
cases,  myopia  is  found  in  one  eye  and  hypermetropia  in  the 
other.  There  may  be  considerable  difference  in  the  refrac- 
tion of  the  two  eyes,  and  yet  binocular  vision  be  tolerably 
acute.  In  such  cases  sharp  vision  only  exists  in  the  more 
acutely-seeing  eye,  while  the  imperfect  image  formed  in  the 
other  assists  in  the  perception  of  parts  of  the  objects  at  a  dis- 
tance from  the  point  of  fixation.  Persons  having  unequal 
eyes  are  often  unaware  of  it  themselves,  and  only  find  it  out 
by  accident  or  experiment;  they  have  been  exercising  them 
in  that  condition  from  childhood,  and  having  had  no  experi- 
ence in  seeing  with  equal  eyes,  regard  their  vision  as  perfect. 
In  neutralizing  the  errors  of  refraction  in  eyes  having  differ- 
ent degrees  of  ametropia,  it  becomes  a  question,  What  is  the 
proper  glass  to  select  for  each  eye  respectively  in  each  particu- 
lar case  ?  When  one  eye  is  emmetropic  and  the  other  ametro- 
pic, a  correcting  glass  for  the  latter  is  not  required.  When 
both  are  ametropic,  it  is  generally  proper  to  neutralize  the 
ametropia  existing  in  the  most  acutely-seeing  eye.  and  give  a 
similar  glass  for  the  other.  This  arrangement  does  not  change 
the  conditions  of  associations  between  accommodation  and 
convergence,  to  which  the  eyes  have  by  long  use  become 
accustomed,  nor  change  the  relative  sizes  of  the  two  images. 
If,  however,  the  difference  in  the  errors  of  refraction  in  the 
two  eyes  does  not  exceed  :i\  or  g1^,  there  can  be  no  objection 
to  prescribing  glasses  having  a  corresponding  difference  in 
focal  lengths.  The  magnitude  of  the  images  is  so  nearly 
alike,  that  they  may  be  fused  into  the  perception  of  one  of 
intermediate  size ;  but  when  these  limits  are  much  exceeded, 
the  rule  above  given  should  be  adhered  to,  for  here,  when 
glasses  are  prescribed  which  render  each  eye  emmetropic, 
the  positions  of  the  nodal  points  are  so  changed  that  there  is 
such  a  difference  in  the  size  of  the  retinal  images  that  they 
cannot  be  made  to  fuse  or  cover  each  other,  and  double  vision 
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results,  to  avoid  which  there  is  a  tendency  to  a  deviation  of 
one  eye  from  its  natural  position  ;  or,  if  this  does  not  occur, 
the  accustomed  conditions  of  associations  between  converg- 
ence and  accommodation  are  so  disturbed  as  to  produce 
nervous  and  vascular  irritation. 

The  rule  given  above  is  so  often  violated,  that  we  quote 
from  Donders,  whose  opinions  carry  with  them  the  highest 
weight  of  authority.  He  says  :  "  Where  binocular  vision  is 
present,  at  any  distance,  the  point  is  to  maintain  this,  and  if 
possible  to  render  it  capable  of  extension  over  a  greater 
region.  In  the  choice  of  glasses,  we  start  from  the  more 
acutely-seeing  eye,  to  which  the  other  must  remain  subordi- 
nate. The  question  then  remains,  what  glass  the  other  eye 
requires.  At  first  view  we  might  suppose  that  for  this  latter 
we  should  have  simply  to  choose  the  glass  which  brings  the 
farthest  point  to  the  same  distance  at  which  it  lies  for  the 
first  eye.  This  is,  in  fact,  the  opinion  of  laymen.  '  My  eyes 
differ  ;  consequently,  I  need  different  glasses,'  —  such  is  the 
ordinary  reasoning.  It  is  so  evident,  so  palpable,  and  appa- 
rently so  logical,  that  we  cannot  be  surprised  at  it, —  the  less 
so,  as  the  so-called  '  opticians  '  are  quite  prepared  to  put  two 
different  glasses  in  the  same  frame.  It  is,  however,  far  from 
being  the  case,  that  we  should  keep  to  this  rule." 
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Instructions  for  the  Adaptation  of  Spectacles. 

WHENEVER  practicable,  persons  needing  spectacles 
should  have  the  errors  of  refraction  of  their  eyes 
accurately  determined  by  an  ophthalmic  surgeon,  and  obtain 
from  him  a  prescription  for  the  proper  neutralizing  glasses, 
which  the  optician  should  fill  strictly  according  to  instruc- 
tions given  him ;  the  relation  of  the  latter  to'  the  former 
should  be  the  same  as  that  of  the  apothecary  to  the  physi- 
cian ;  but,  owing  to  the  great  extent  of  our  country,  and  the 
sparse  population  of  large  districts,  embracing  many  of  the 
smaller  towns  and  cities,  where  no  competent  ophthalmic  sur- 
geon resides,  it  becomes  necessary  for  persons  needing  spec- 
tacles to  select  them  themselves.  Heretofore  they  have  chosen 
them  by  empirical  methods,  either  unassisted  or  by  instruc- 
tions from  spectacle-dealers  who  are  as  ignorant  of  the  sub- 
ject as  themselves.  The  result  has  been  that  a  large  majority 
of  persons  wearing  spectacles  have  injured  their  vision  by  the 
use  of  glasses  unsuited  to  their  eyes  ;  nor  does  this  appear  at 
all  strange  when  we  bear  in  mind  that  they  have  no  fixed 
rules  to  govern  them  in  their  choice.  It  is  for  this  class  of 
persons,  so  situated  that  they  cannot  conveniently  obtain 
competent  professional  advice,  that  the  Appendix  is  added  to 
this  work,  in  order  to  enable  them  to  apply  scientific  princi- 
ples in  making  choice  of  the  proper  glasses  to  neutralize 
their  errors   of  refraction  and  supply  deficiencies  of  accom- 
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modation.  When  a  person  has  defects  of  vision  which  he 
thinks  may  be  relieved  by  spectacles,  the  first  step  for  him 
to  take,  is  to  ascertain  the  acuteness  of  his  sight  for  distant 
objects.  To  accomplish  this,  he  should  turn  to  the  end  of 
this  book,  where  he  will  find  a  folded  sheet  containing  selec- 
tions from  the  Test-types  of  Snellen.  A  person  who  can 
see  at  an  infinite  distance  reads  these  letters  at  the  dis- 
tance in  feet  corresponding  with  their  numbers ;  thus,  No.  C 
is  read  at  ioo  feet;  No.  XL,  at  40  feet;  No.  XX,  at  20  feet. 
The  last-mentioned  number  is  usually  selected  for  trial  tests. 
The  letters  are  placed  against  a  wall  on  which  falls  a  good 
light  from  windows  opposite.  (If  the  room  be  less  than 
20  feet  in  depth,  No.  XV  may  be  used  at  1 5  feet.)  The  per- 
son who  desires  to  test  the  sharpness  of  his  vision  should  be 
seated  at  a  distance  of  20  feet,  and  look  at  No.  XX.  If 
he  can  distinctly  see  each  letter,  very  black  and  sharply  de- 
fined, he  has  normal  vision  for  distant  objects  ;  but  this  does 
not  prove  that  he  has  normal  eyes,  for  he  may  be  over-sighted 
or  far-sighted  (see  Hypermetropia),  —  a  condition  which 
gives  rise  to  serious  trouble  and  inconvenience,  and  which  is 
by  far  the  most  frequent  cause  of  the  defective  vision  so  com- 
mon in  children  and  young  persons.  (See  Accommodative 
Asthenopia,  page  198.)  In  order  to  determine  whether  the 
eyes  are  normal  or  over-sighted,  put  on  the  weakest  pair  of 
convex  glasses  that  can  be  procured  from  the  dealer,  and 
again  look  at  No.  XX.  If  the  vision  be  slightly  dimmed, 
or  the  letters  be  less  distinctly  seen,  the  eyes  are  normal 
for  distant  vision  (see  Emmetropia) ;  but  if  they  still  be 
seen  as  well  as  before  the  glasses  were  applied,  then  try  a 
stronger  pair ;  if  with  these  the  letters  are  seen  equally  well 
with  as  without  them,  continue  changing  for  stronger  and 
stronger  ones  until  a  number  is  found  that  renders  the  let- 
ters less  sharply  defined  ;  these  are  a  little  too  strong  to  indi- 
cate the  degree  of  manifest  over-sightedness.  The  rule  is, 
the  strongest  pair  of  convex  glasses  with  which  vision  is 
equally  good  with  as  without  them,  represents  the  degree  of 
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over-sightedness  which  manifests  itself.  If  over-sightedness 
exists,  stronger  convex  glasses  will  be  required  for  near 
vision  than  usually  corresponds  with  the  age.  Children  and 
young  persons,  whose  eyes,  after  using  them  for  a  length  of 
time  in  seeing  small  objects,  as  in  reading,  writing,  etc., 
become  tired,  and  the  letters  run  together,  are  blurred  and 
indistinct,  accompanied  by  watering  of  the  eyes  and  pain  in  the 
forehead,  should  always  be  tested  for  over-sightedness,  which 
will,  in  a  large  majority  of  cases,  be  found  to  exist;  then 
convex  glasses  should  be  adapted  according  to  instructions 
given  under  the  head  of  Accommodative  Asthenopia.  With 
proper  neutralizing  spectacles,  their  trouble  will  vanish,  and 
they  will  soon  be  able  to  use  their  eyes  in  seeing  small 
objects  without  inconvenience  for  an  indefinite  period  of 
time.  We  will  now  suppose  that  the  letters  cannot  be 
read  at  distances  in  feet  corresponding  with  their  numbers ; 
that  No.  XX  cannot  be  read,  but  only  No.  C,  at  20  feet.  It 
now  becomes  a  question  whether  a  very  high  grade  of  far- 
sightedness (hypermetropia),  or  near-sightedness  (myopia), 
exists.  To  determine  this  point,  first  try  weak  convex  spec- 
tacles;  if  these  improve  vision,  and  bring  out  another  line, — 
say,  for  example,  No.  LXXX,  — then  change  for  a  stronger 
pair  ;  perhaps  these  render  No.  XL  distinctly  seen.  Continu- 
ing to  apply  stronger  and  stronger  glasses,  soon  a  pair  will 
be  found  with  which  No.  XX  can  be  easily  read.  We  con- 
clude that  there  is  absolute  far-sightedness  (see  Absolute 
Hypermetropia),  and  convex  glasses  must  be  constantly 
worn,  for  there  can  be  no  distinct  vision  either  for  near  or 
remote  objects  without  them. 

In  case  convex  glasses  do  not  improve  vision,  but  rather 
dim  it,  then  change  to  concave  glasses ;  if  weak  ones  render 
the  letters  more  distinctly  seen,  continue  trying  stronger 
and  stronger  ones,  until  the  weakest  pair  is  found  with  which 
No.  XX.  is  read.  These  are  the  proper  glasses  to  use  for 
distant  vision.  Myopia,  or  near-sightedness,  —  caused  by 
a    diseased    eye,  —  exists,    and    the    reader    is    particularly 
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advised  to  read  the  article  on  this  subject,  commencing  on 
page  215. 

Again,  eyes  are  sometimes  met  with  in  which  vision  is  so 
defective,  that  the  letters  cannot  be  read  at  the  distance  in 
feet  corresponding  with  their  numbers,  and  yet  neither  con- 
vex nor  concave  glasses  materially  improve  it.  In  such  cases 
the  existence  of  astigmatism  should  be  suspected;  tests  for 
the  determination  of  this  anomaly  of  refraction  are  given  in 
the  chapter  on  Astigmatism.  It  requires,  for  correction,  cyl- 
indrical or  spherico-cylindrical  glasses,  which  are  not  usually 
kept  in  the  stocks  of  the  smaller  dealers.  It  is  very  easy  to 
ascertain  the  existence  of  astigmatism,  but  it  is  much  more 
difficult  to  determine  its  form  and  degree,  and  in  order  to 
adjust  the  proper  neutralizing  glasses,  it  requires  a  knowledge 
of  the  subject  rarely  possessed  by  any  one  except  by  those 
who  make  the  treatment  of  the  diseases  of  the  eye  a  specialty. 


Adjustment  of  Glasses  for  Near  Vision  of  Small  Objects. 

All  that  has  been  said  above  has  reference  to  vision  of  dis- 
tant objects,  in  which  the  accommodation  is  at  rest.  We 
now  come  to  speak  of  near  vision,  as  in  reading,  writing, 
sewing,  etc. 

This  act  is  accomplished  by  changes  taking  place  in  the 
eye  called  Accommodation.  When  the  muscles  which  pro- 
duce these  changes  fail  to  adjust  the  eyes  for  reading  fine 
print  at  a  convenient  distance,  or  at  any  distance  (see  Presby- 
opia), artificial  assistance  must  be  rendered  by  means  of 
convex  glasses. 

The  test-types  of  Jaeger  (selections  from  which  are  to  be 
found  at  the  end  of  this  book)  are  taken  as  the  objects  for 
testing  the  powers  of  the  accommodation  to  adjust  the 
eyes  for  distinct  vision  of  small  near  objects  for  a  length 
of  time. 

About  the  middle  period  of  life,  print  and  other  small 
objects  cease  to  be  distinctly  seen,  and  must  be  held  farther 
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from  the  eyes.  Spectacles  are  now  needed,  and  explicit 
instructions  for  the  selection  of  the  proper  ones  are  given  on 
pages  178  to  186,  to  which  the  reader  is  referred.  The 
number  of  the  spectacles  should  indicate  the  focal  length  of 
the  glasses  in  inches ;  thus,  No.  20  indicates  a  focal  length 
of  twenty  inches ;  No.  30,  thirty  inches,  and  so  on  for  the 
other  numbers.  The  focal  length  of  a  lens  is  understood  to 
be  the  distance  at  which  rays  of  light  from  remote  bodies, — 
as,  for  example,  the  sun, —  falling  on  one  of  its  surfaces,  are 
united  nearly  in  a  point  on  a  screen  held  on  the  opposite 
side.  By  measuring  the  distance  from  the  lens  to  the  focus, 
it  is  easy  to  ascertain  if  the  glasses  be  properly  numbered, 
and  if  the  focal  lengths  of  the  two  glasses  are  the  same.  If 
they  do  not  correspond,  as  is  often  the  case  with  cheap  spec- 
tacles, they  should  be  rejected,  as  also  should  those  having 
bubbles  or  flaws  in  the  glass,  or  whose  surfaces  are  scratched. 
It  is  important  to  bear  in  mind  that  the  so-called  pebble 
spectacles  (rock  crystal)  possess  no  advantages  over  those 
made  from  glass,  except  their  hardness,  which  makes  their 
surfaces  less  liable  to  be  scratched,  while  they  have  certain 
disadvantages  which  render  those  made  from  glass  prefer- 
able, particularly  for  the  stronger  numbers.  Many  of  those 
sold  for  "  pebbles  "  are  made  from  flint-glass.  (See  pages 
no  and  in.) 

Whenever  the  use  of  spectacles  for  a  length  of  time  gives 
rise  to  fatigue  or  pain  in  the  eyes,  the  proper  ones  have  not 
been  chosen ;   and  if  the  use  of  them  be  persisted  in,  they 
will  injure  the  organs  of  vision. 
19 


SELECTIONS   FROM  TEST-TYPES   OF  JAEGER. 

Xo.  1. 

We  again  turn  from  thr  ••irgf  oC  Boston,  to  lh-  io*asioo  of  Canada,  which  al  that  time  shared  the  auxioun  thoughts  of  Waahingtoi. 
Hia  lam  aceoaota  of  the  noiauaU  of  ArnolJ  left  him  at  Point  Levi,  opposite  to  Uuebec  SomethiOB  brilliant  from  that  dar.ng  officer 
was  anticipated.  U  waa  hi*  inieution  to  cross  the  met  immediately  Had  he  doue  so,  he  might  have  carried  the  town  by  a  coup  it 
main  for  tenor  as  weli  as  disaffection  prevailed  among  the  inhabitants  Al  Point  Levi,  how.  vei,  he  was  brought  to  a  stand  not  a 
boat  waa  10  be  found  there.  Letters  which  he  had  dispatched  some  days  previously,  by  two  Indians,  to  lieuerals  Schuyler  and 
Montgomery  had  been  carried  by  his  faithless  messengers,  to  Caramhe,  the  lieutenant-governor,  who.  thus  apprised  of  the  impending 
danger,  had  caused  all  the  boats  of  Point  Levi  to  be  either  removed  or  desiroyed  Arnold  was  not  a  man  to  b*  disheartened  hy 
difficulties  With  great  exertions  be  procuied  about  forty  birch  canoes  from  the  Canadians  and  Indians,  with  forty  of  the  latter  to 
navigate  them  but  stormy  winds  arose,  and  for  some  days  the  river  was  loo  boisterous  for  such  frail  craft  In  the  meantime  the 
garn-on  al  Quebec  was  gaining  strength  Recruits  arrived  from  Nova  Scotia  The  veteran  Maileau,  too,  who  had  been  driven  from 
the  mouth  of  the  Sorel  by  the  detachment  under  Brown  and  Liviugs:on,  arrived  down  the  river  with  his  corps  of  Royal  Highland 
Emigrants,  and  threw  Bimael'  into  the  place  The  Lizard  frigate,  the  Hornet  sloop-of  war,  and  two  armed  schooners  were  Mationed  in  the 
river  and  guard  boat*  patrolled  at  night.  The  prospect  of  a  successful  attack  upon  the  place  was  growing  detpcrale  On  the  13th  of 
November  Arnold  received  intelligence  thai  Montgomery  had  captured  St.  Johns  He  was  instantly  roused  to  emulation.  His  men, 
too,  were  inspirited  by  the  news.     The  wind   had  abated;  he   determined   to   cross  the   river  that  very  night.     At  a  late   hour  10   the 
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We  again  turn  from  the  siege  of  Boston,  to  the  invasion  of  Canada,  which  at  that  time  shared  the  anxious 
thoughts  of  Washington.  His  last  accounts  of  the  movements  of  Arnold,  left  hrm  at  Point  Levi,  opposite  to 
Quebec.  Something  brilliant  from  that  daring  officer  was  anticipated.  It  was  his  intention  to  cross  the  river 
immediately.  Had  he  done  so  he  might  have  carried  the  town  by  a  coup  de  main  ;  for  terror  as  well  as  disaffection 
prevailed  among  the  inhabitants  At  Point  Levi,  however,  he  was  brought  to  a  stand ;  not  a  boat  was  to  be  found 
there.  Letters  which  he  had  dispatched  some  days  previously,  by  two  Indiana,  to  Generals  Schuyler  and 
Montgomery,  had  been  carried  by  his  faithless  messengers,  to  Caramhe,  the  lieutenant-governor,  who,  thus 
apprised  of  the  impending  danger  had  caused  all  the  boats  of  Point  Levi  to  be  either  removed  or  destroyed. 
Arnold  was  not  a  man  to  be  disheartened  by  difficulties.  With  great  exertions  he  procured  about  forty  birch 
Banoea  from  the  Canadians  and  Indians,  with  forty  of  the  latter  to  navigate  them  ;  but  stormy  winds  arose,  and 
for  some  days  the  river  was  too  boisterous  for  such  frail  craft.  In  the  meantime  the  garrison  at  Quebec  was 
gaining  strength.  Recruits  arrive. 1  from  Nova  Scotia.  The  veterau  Maclean,  too,  who  had  been  driven  from  the 
mouth  of  the  Sorel  by  the  detachment  under  Brown  and  Livingston,  arrived  down  the  river  with  bis  corps  of 
Royal  Highlaud  Emigrants,  and  threw  himself  into  the  place.     The  Lizard  frigate,  the  Hornet  sloop-ofwar,  and 

Wo.  4. 

two  armed  schooners  were  stationed  in  the  river,  and  guard-boats  patrolled  at  night.  The 
prospect  of  a  successful  attrfck  upon  the  place  was  growing  desperate.  On  the  13th  of 
November,  Arnold  received  intelligence  that  Montgomery  had  captured  St.  Johns.  He  was 
instantly  roused  to  emulation.  His  men,  too,  were  inspirited  by  the  news.  The  wind  had 
abated  ;  be  determined  to  cross  the  river  that  rery  night.  At  a  late  hour  in  the  evening  he 
embarked  with  the  first  division,  principally  riflemen.  The  river  was  wide;  the  current 
rapid  ;  the  birch  canoes,  easy  to  lie  upset,  required  skilful  management  By  four  o'clock  in 
the  morning,  a  large  part  of  his  force  had  crossed  without  being  perceived,  and  landed  about 
a  mile  and  a  half  above  Cape   Diamond,  at  Wolf's   Cove,  so-called   from  being  the  landing- 

\o.  5.=(l\o.  2  Snellen,  i 

place  of  thai  gallant  commander.  .lust  then  a  guard-boat,  belonging  to  the 
Lizard,  came  slowly  along  shore  and  discovered  them.    They  hailed  it,  and 

ordered  it  to  land.  Not  complying,  it  was  fired  into,  and  three  men  were  killed. 
The  boat  instantly  pulled  lor  the  frigate,  giving  vociferous  alarm.  Without 
waiting  the  arrival    of  the   residue  of  his    men,  for  whom    (he   canoes    had    been 

despatched,  Arnold  led  those  who  had  landed  to  the  foot  of  the  cragged  defile, 
once  scaled  by  the  intrepid  Wolf,  and  ncrambled  up  it  in  all  hast.-.  By  daylight 
he  bad  planted, his  daring  flag  on  the  far-famed  Heights  of  Abraham.    Here  the 
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main  difficulty  stared  him  in  the  face.  A  strong  line  of  walls  and 
bastions  traversed  the  promontory  from  one  of  its  precipitous  side3  to 
the  other ;  inclosing  the  upper  and  lower  towns.  On  the  right,  the 
great  bastion  of  Cape  Diamond  crowned  the  rocky  height  of  that  name. 
On  the  left  was  the  bastion  of  La  Potasse,  close  by  the  gate  of  St.  Johns, 
opening  upon  the  barracks;  the  gate  where  Wolf's  antagonist,  the 
gallant  Montcalm,  received  his  death-wound.     A  council  of  war  was 

3To.  ll.=CYo.  4  Snellen.) 

now  held.  Arnold,  who  had  some  knowledge 
of  the  place,  was  for  dashing  forward  at  once 
and  storming  the  gate  of  St.  Johns.  Had  they 
done  so,  they  might  have  been  successful.  The 
gate  was  open  and  unguarded.     Through  some 

Xo.  13.=(Xo.  5  Snellen.) 

blunder  and  delay,  a  message  from  the  com- 
mander of  the  Lizard  to  the  lieutenant- 
governor  had  not  yet  been  delivered,  and  no 
alarm  had  reached  the  fortress.     The  for- 

\o.  14.=fXo.  7  Snellen.) 

midable  aspect  of  the 
place,  however,  awed 
Arnold's  associates. 
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ABERRATION,  27. 
chromatic,  42. 
spherical,  28,  41. 
Abnormal  astigmatism,  clinical  deter- 
mination of,  254. 
irregular  astigmatism,  280. 
irregular   astigmatism,    treatment 

of,  273. 
regular  astigmatism,  253. 
Absolute  hypermetropia,  191. 
Accommodation,  75. 

diminished  by  age,  range  of,  171. 
mechanism  of,  77. 
muscle  of,  79. 
range  of,  80. 
relative,  83. 
Accommodative  asthenopia,  79,  198. 
Actual  inverted  image,  1 14. 
Adaptation  of  cylindrical  lenses,  273. 
Adjustment  of  glasses  for  near  vision 
of  small  objects,  288. 
of  spectacles,  107. 
Aerial  perspective,  159. 
After-images,  133. 
Ametropia,  97. 

Anatomical    changes    in    the    fundus 
oculi  in  myopia,  225. 
construction  of  the  eye,  69. 
Anatomy  of  the  retina,  123. 
Anerythropsia,  130. 
Angle  of  incidence,  28. 
of  refraction,  28. 
refracting,  44 
Aphakia,  213. 


Asthenopia,  198. 

accommodative,  198. 

muscular,  198,  231. 
Astigmatism,  97,  247. 

abnormal  irregular,  280. 

abnormal  regular,  253. 

compound  hypermetropic,  272. 

compound  myopic,  271. 

forms  of,  271. 

irregular,  278. 

lenticular,  70. 

mixed,  272. 

normal  irregular,  278. 

normal  regular,  253. 

simple  hypermetropic,  272. 

simple  myopic,  271. 


B 


ASE  line,  149. 


CALCULATIONS,  dioptrical,  86. 
Calorescence,  52. 
Cardinal  points,  87. 
Centre  of  rotation,  147. 
Change  in  the  eye  with  the  advance 

of  age,  169. 
Chromatic  aberration,  42. 
Ciliary  muscle,  79. 
Clinical    determination    of    abnormal 

astigmatism,  254. 
Color-blindness,  130. 
Colors,  fundamental,  129. 
of  thin  plates,  63. 
simple,  1 26. 
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Comparative  frequency  of  myopia  in 

different  classes  of  society,  219. 
Comparison  between  the  intensities  of 

lights  of  different  colors,  137. 
Complementary  colors,  127. 
Compound  colors,  127. 

hypermetropic  astigmatism,  272. 
myopic  astigmatism,  271. 
Concave  spectacles,  98,  241. 
Congenital    predisposition  to  myopia, 

224. 
Conjugate  foci,  27. 

and  relation  between  magnitude 
B  of  the  object  and  magnitude 
0  of  the  image,  94. 
Constants,  optical,  90. 
Convergence,  82. 
relative,  83. 
Convergent  squint,  209. 
Convex  spectacles,  98. 
Crossed  diplopia,  101. 
Curved  surfaces,  reflection  from,  25. 

refraction  by,  34. 
Cylindrical    glasses,    spectacles    with 
positive  or  negative,  100. 

DARK  or  invisible  rays,  51. 
Definitions,  19. 
Depth    and    solidity,    estimation    of, 

153- 

Determination  of  hypermetropia  and 
its  degree  by  means  of  the  ophthal- 
moscope, 191. 

Difference  in  refraction  of  the  two 
eyes,  283. 

Diffraction,  or  the  inflection  of  light, 
61. 

Diminution  of  light  by  distance,  law 
of,  21. 

Dioptrical  calculations,  86. 

Dioptrics  of  the  eye,  68,  72. 

Direct  influence  of  glasses  with  spheri- 
cal surfaces  on  vision,  103. 

Diverging  strabismus,  234. 

Double  refraction,  65. 

Dyschromatopsia,  130. 


ELASTIC  steel  spectacles,  104. 
ether,  17. 
Emission  theory,  46. 
Entoptic    perception    of    the    retinal 
vessels,  118. 
phenomena,  115. 
Errors  of    refraction  and   defects    of 

accommodation,  168. 
Estimation  of  depth  and  solidity,  153. 
Examination   of  the    eyes  of  school- 
children, 222. 
Extent  of  line  of  relative  convergence, 

84. 
of  the  line  of  relative  accommoda- 
tion, 86. 
Eye,  anatomical  construction  of  the,  69. 

dioptrics  of  the,  68,  72. 
Eye-glasses,  108. 
Eye-protectors,  106. 

wire  gauze,  107. 
Eyes,  movements  of  the,  146. 

FACULTATIVE       hypermetropia, 
191. 
Field  of  vision,  measurement  of  the, 

125. 

Fluorescence,  53. 

Focal  distance,  25. 

Formation  of  images,  39. 

Form,  position,  and  movements  of  the 

hypermetropic  eye,  193. 
Forms  of  astigmatism,  271. 
Fovea  centralis,  74. 
Fraunhofer's  lines,  56. 
Fundamental  colors,  129. 

p  LASSES  a  double  foyer,  99. 

HOMOCENTRIC  light,  19. 
Homonymoms,  101. 
Horizontal  meridian,  147. 
Horopter,  151. 

Hypermetropes,  vision  of,  190. 
Hypennetropia,  97,  187. 
absolute,  191. 
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Hypermetropia,  facultative,  191. 

relative,  191. 

treatment  of,  201. 
Hypermetropic  eye,  form,  position,  and 
movements  of  the,  193. 

ILLUSIONS    of  ocular    estimation, 
162. 
Images,  formation  of,  39. 

formed  by  reflection  from  curved 
surfaces,  26. 
Incidence,  angle  of,  28. 
Inclined  surfaces,  refraction  at,  44. 
Index  of  refraction,  29. 
Inflection  of  light,  61. 
Instructions    for     the    adaptation    of 

spectacles,  285. 
Insufficiency    of    the    internal     recti 

muscles,  231. 
Intensities  of  lights  of  different  colors, 

comparison  between  the,  137. 
Intensity  of  luminous  sensations,  135. 
Interference,  phenomena  of,  58. 
Irradiation,  138. 
Irregular  astigmatism,  278. 

LAW  of  diminution  of  light  by  dis- 
tance, 21. 

of  identical  retinal  points,  151. 
Lenses,  34. 

Lenticular  astigmatism,  70. 
Light,  17. 

beam  of,  17 

homocentric,  19. 

movement  of,  19. 

pencil  of,  19. 

ray  of,  19. 

reflection  of,  22. 

refraction  of,  28. 

theories  of,  46. 

velocity  of,  22. 
London  smoke  glass  spectacles,  102. 
Luminous  sensations,  intensity  of,  135. 


M 


ACULA  lutea,  73. 

Magnitude  and  distance,  ocular 
estimation  of,  154. 


Measurement   of  the  field  of  vision, 
125. 

of  the  waves  of  light,  64. 
Mechanism  of  accommodation,  77. 
Median  plane,  150, 
Meridian,  horizontal,  147. 

vertical,  147. 
Method  by  the  phenomena  of  disper- 
sion, 269. 

of  Dr.  Thompson,  266. 

of  Risley,  263. 

of  Strawbridge,  258. 

of  the  stenopeic  slit,  269. 
Methods  of  Young  and  Graefe,  268 
Mixed  astigmatism,  272. 
Movements  of  the  eyes,  146. 
Muscae  volitantes,  117. 
Muscle  of  accommodation,  79. 
Muscular  asthenopia,  198,  231. 

mesoropter,  150. 
Myopia,  97,  215. 

anatomical  changes  in  the  fundus 
oculi  in,  225. 

at  a  distance,  225. 

congenital  predisposition  to,  224. 

in    different    classes    of    society, 
comparative  frequency  of,  219. 

treatment  of,  237. 

NEAR-SIGHTEDNESS,  215. 
Near-sighted  persons,  vision  of, 
228. 
Near  vision  of  small  objects,  adjust- 
ment of  glasses  for,  289. 
Normal  irregular  astigmatism,  278. 

regular  astigmatism,  253. 
Nuclear-point,  151. 
Nuclear-surface,  151. 

OCULAR    estimation,    illusions   of, 
162. 
of  magnitude  and  distance,  154. 
Ophthalmoscope,  the,  1 13. 
Optical  constants,  90. 
Optics,  physical,  17. 
physiological,  68. 
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PENUMBRA,  20,  116. 
Perceptions,  visual,  140. 
Periscopic  spectacles,  98. 
Persistence  of  retinal  impressions,  132. 
Perspective,  aerial,  159. 
Phacoidoscope,  77. 
Phenomena,  entoptic,  115. 

of  dispersion,  method  by  the,  269. 

of  interference,  58. 
Phosphenes,  120. 
Phosphorescence,  55. 
Physical  optics,  17. 
Physiological  optics,  68. 
Plane  mirrors,  22. 
Points,  cardinal,  87. 
Polarization,  65. 
Position    and    character   of    reflected 

images  in  plane  mirrors,  24. 
Posterior  staphyloma,  220. 
Presbyopia,  97. 

treatment  of,  178. 
Prismatic  dispersion,  50. 

spectrum,  45. 
Protecting  spectacles,  101. 
Pseudoscope,  the,  166. 
Pulpit  spectacles,  105. 
Punctum  coecum,  121. 
Pure  spectrum,  55. 
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UADRANTS,  147. 


RANGE  of  accommodation,  80. 
diminished  by  age,  17 1. 
Reflected  images  in  plane  mirrors,  po- 
sition and  character  of,  24. 
Reflection  from  curved  surfaces,  25. 
images  formed  by,  26. 
of  light,  22. 
total,  31. 
Refracting  angle,  44. 
Refraction  and  defects  of  accommoda- 
tion, errors  of,  168. 
angle  of,  28. 
at  inclined  surfaces,  44. 
by  a  spherical  surface,  92. 


Refraction  by  curved  surfaces,  34. 
double,  65. 
index  of,  29. 
of  light,  28. 

of  the    two    eyes,   difference    in, 
283. 
Relative  accommodation,  S^. 

extent  of  the  line  of,  86. 
convergence,  83. 
convergence,  extent    of  line    of, 

84. 
hypermetropia,  191. 
Retina,  anatomy  of  the,  123. 
Retinal    impressions,    persistence    of, 
132. 
points,  law  of  identical,  151. 
vessels,  entoptic  perception  of  the, 
118. 
Risley,  method  of,  263. 
Rotation,  centre  of,  147. 

SELECTION  of  spectacles,  no. 
Selections  from  test-types  of  Jaeger, 
291,  293. 
Sensations,  visual,  120. 
Shadows,  20. 
Simple  colors,  126. 

hypermetropic  astigmatism,  272. 
myopic  astigmatism,  271. 
Solar  spectrum,  45. 
Spectacle  frames,  104. 
Spectacles,  adjustment  of,  107. 
and  their  uses,  97. 
concave,  98,  241. 
convex,  98. 
elastic  steel,  104. 
instructions  for  the  adaptation  of, 

286. 
London  smoke  glass,  102. 
periscopic,  98. 
prismatic,  IOO. 
protecting,  101. 
pulpit,  105. 

with  positive  or  negative  cylindri- 
cal glasses,  100. 
Spectroscope,  56. 
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Spectrum  analysis,  55. 

prismatic,  45. 

solar,  45. 
Spherical  aberration,  28,  41. 

surface,  refraction  by  a,  92. 
Squint,  convergent,  209. 
Stenopseic  slit,  method  of  the,  269. 
Stereoscope,  the,  163. 
Strabismus,  diverging,  234. 
Strawbridge,  method  of,  258. 

TEST-TYPES  used  by  Jaeger,  291, 
293- 
Theories  of  light,  46. 
Thin  plates,  colors  of,  63. 
Thompson,  Dr.,  method  of,  266. 
Total  reflection,  31. 
Transparency  and  opacity,  19. 
Treatment  of  abnormal  regular  astig- 
matism   by   the    adaptation    of 
cylindrical  lenses,  273. 
of  hypermetropia,  201. 
of  myopia,  237. 


Treatment  of  presbyopia,  178. 
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black?  in. 
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268. 
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THE  FUNCTIONS  AND  DISORDERS  OF  THE  REPRODUC- 
TIVE ORGANS.  In  Childhood,  Youth,  Adult  Age,  and  Advanced 
Life,  considered  in  their  Physiological,  Social,  and  Moral  Relations. 
Third  American  from  the  Fifth  London  Edition.  Carefully  revised  by 
the  Author,  with  additions.      .  .         .  .  .  .  .     $3.00 

Mr.  Acton  has  done  good  service  to  society  by  grappling  manfully  with  sexual  vice,  and 
we  trust  that  others,  whose  position  as  men  of  science  and  teachers  enable  them  to  speak 
with  authority,  will  assist  in  combating  and  arresting  the  evils  which  it  entails.  The  spirit 
which  pervades  his  book  is  one  which  does  credit  equally  to  the  head  and  to  the  heart  of  the 
author.  —  British  and  Foreign  Medico- Chirurgical  Review. 

SAME  AUTHOR. 
PROSTITUTION:   Considered  in  its  Moral,  Social, and  Sanitary  As- 
pects.    Second  Edition,  Enlarged.     Price      .  .         .  .      $5.00 

ANSTIE  (francis  e.),  M.D., 

Lecturer  on  Materia  Medica  and  Therapeutics,  etc. 

STIMULANTS  AND  NARCOTICS.  Their  Mutual  Relations,  with 
Special  Researches  on  the  Action  of  Alcohol,  Ether,  and  Chloroform 
on  the  Vital  Organism.      Octavo.  .....     $3«oo 

ANDERSON   (m'call),  M.D., 

Professor  of  Clinical  Medicine  in  the  University  of  Glasgow,  &c. 

ECZEMA.  The  Pathology  and  Treatment  of  the  various  Eczema- 
tous  Affections  or  Eruptions  of  the  Skin.  The  Third  Revised  and  En- 
larged Edition.     Octavo.     Price        ......     $2.75 

BUZZARD  (thomas),  M.  D., 

Physician  to  the  National  Hospital  for  Paralysis  and  Epilepsy. 

CLINICAL  ASPECTS  OF   SYPHILITIC    NERVOUS  AFFEC- 
TIONS.     1 2 mo.     Cloth.      Price    .  .  .  .  .  Si- 75 

BASH  AM  (w.  r.),  M.D.,  F.R.C.P., 

Senior  Physician  to  the  Westminster  Hospital,  &c. 

AIDS  TO  THE  DIAGNOSIS  OF  DISEASES  OF  THE  KID- 
NEYS.    With  Ten  large  Plates.     Sixty  Illustrations.      Price    .      $2.00 

SAME  AUTHOR. 
ON  DROPSY,  AND  ITS  CONNECTION  WITH  DISEASES  OF 
THE  KIDNEYS,   HEART,  LUNGS   AND    LIVER.     With  Sixteen 
Plates.     Third  Edition.     Octavo.  .         ,  .  .  .     $5.00 

M.  BARTH  and  M.  HENRI  ROGER. 

A  MANUAL  OF  AUSCULTATION  AND  PERCUSSION.  A 
new  Translation,  from  the  Sixth  French  Edition.      .  .  .     fi.25 

S.  M.  BRADLEY,  F.  R.  C.  S. 

Senior  Assistant  Surgeon  Manchester  Royal  Infirmary. 

A  MANUAL  OF  COMPARATIVE  ANATOMY  AND  PHYSI- 
OLOGY.    With  60  Illustrations.     Third  Edition.     Price    .         $2.50 


/ 


BE  ALE  (Lionels.),  M.D. 

DISEASE  GERMS:  AND  ON  THE  TREATMENT  OF  DIS- 
EASES CAUSED  BY  THEM. 

Part      I.— SUPPOSED  NATURE  OF  DISEASE  GERMS. 
Part    II.  — REAL  NATURE  OF  DISEASE  GERMS. 
Part  III.  — THE  DESTRUCTION  OF  DISEASE  GERMS. 

Second  Edition,  much  enlarged,  with  Twenty-eight  full-page  Plates, 
containing  117  Illustrations,  many  of  them  colored.  Demy  Octavo. 
Price     .         .  .         .         .         .  .         .         .         .         .     $5.00 

This  new  edition,  besides  including  the  contents  revised  and  enlarged  of  the  two  former 
editions  published  by  Dr.  Beale  on  Disease  Germs,  has  an  entirely  new  part  added  on  "  The 
Destruction  of  Disease  Germs." 

SAME  AUTHOR. 

BIOPLASM.  A  Contribution  to  the  Physiology  of  Life,  or  an  Intro- 
duction to  the  Study  of  Physiology  and  Medicine,  for  Students.  With 
Numerous  Illustrations.     Price        .         .         .  .         .         .     $3.00 

This  volume  is  intended  as  a  Text-Book  for  Students  of  Physiology,  explaining  the  nature 
of  some  of  the  most  important  changes  which  are  characteristic  of  and  peculiar  to  living 
beings. 

PROTOPLASM,  OR  MATTER  AND  LIFE.  Third  Edition,  very 
much  Enlarged.  Nearly  350  pages.  Sixteen  Colored  Plates.  One 
volume.     Price      .........     $4.50 

Part  I.  DISSENTIENT.      Part  II.  DEMONSTRATIVE.     Part  III.  SUGGESTIVE. 

HOW  TO  WORK  WITH  THE  MICROSCOPE.     Fourth  Edition, 

containing  400  Illustrations,  many  of  them  colored.   Octavo.  Price  $7.50 

This  work  is  a  complete  manual  of  microscopical  manipulation,  and  contains  a  full  descrip- 
tion of  many  new  processes  of  investigation,  with  directions  for  examining  objects  under  the 
highest  powers,  and  for  taking  photographs  of  microscopic  objects. 

ON  KIDNEY  DISEASES,  URINARY  DEPOSITS,  AND  CAL- 
CULOUS DISORDERS.  Including  the  Symptoms,  Diagnosis,  and 
Treatment  of  Urinary  Diseases.  With  full  Directions  for  the  Chemical 
and  Microscopical  Analysis  of  the  Urine  in  Health  and  Disease.  The 
Third  Edition.  Seventy  Plates,  415  figures,  copied  from  Nature. 
Octavo.     Price     .........     $10.00 

THE  USE  OF  THE  MICROSCOPE  IN  PRACTICAL  MEDI- 
CINE. For  Students  and  Practitioners,  with  full  directions  for  exam- 
ining the  various  secretions,  <Scc,  in  the  Microscope.  Fourth  Edition. 
500  Illustrations.     Octavo.     Preparing. 

BLOXAM  (c.  l.), 

Professor  of  Chemistry  in  King's  College,  London. 

CHEMISTRY,  INORGANIC  AND  ORGANIC.  With  Experi- 
ments and  a  Comparison  of  Equivalent  and  Molecular  Formulae.  With 
276  Engravings  on  Wood.  Second  Edition,  carefully  revised.  Octavo. 
Price,  in  cloth,  $4.50;  leather,       .         .         .         .         .         •     $S-S° 

SAME  AUTHOR. 

LABORATORY  TEACHING;  OR  PROGRESSIVE  EXER- 
CISES IN  PRACTICAL  CHEMISTRY.  Third  Edition.  With 
Eighty-nine  Engravings.     Crown  Octavo.     Price    .         .         .     $2.00 
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BRODHURST  (b.  e.),  F.R.C.S., 

Surgeon  to  the  Orthopedic  Department  of  St.  George's  Hospital,  4.C. 

THE  DEFORMITIES  OF  THE  HUMAN  BODY.     A  System  of 
Orthopaedic  Surgery.   With  numerous  Illustrations.   Octavo.   Price  S3  oo 

BIRCH  (s.  b.),  M.D., 

Member  of  the  Royal  College  of  Physicians,  &c. 

CONSTIPATED  BOWELS;  the  Various  Causes  and  the  Different 
Means  of  Cure.      Third  Edition.     Price  .  .  .         .     si.co 

BUCKNILL(john  charles).  M.D.,  &  TUKE  (daniel  h.),M.D. 

A  MANUAL  OF  PSYCHOLOGICAL  MEDICINE:  containing  the 

Lunacy  Laws,  the  Nosology,  (Etiology,  Statistics,  Description,  Diagno- 
sis, Pathology  (including  Morbid  Histology),  and  Treatment  of  Insanity. 
Third  Edition,  much  enlarged,  with  Ten  Lithographic  Plates,  and  nu- 
merous other  Illustrations.     Octavo.      Price     ....     38. co 

This  edition  contains  upwards  of  200  pages  of  additional  .matter,  and,  in  consequence  of 
recent  advances  in  Psychological  Medicine,  several  chapters  have  been  rewritten,  bringiug 
the  Classification,  Pathology,  and  Treatment  of  Insanity  up  to  the  present  time. 

There  are  ten  lithographic  plates  representing  the  handwriting  of  the  insane  and  the 
morbid  cerebral  chauges  revealed  by  the  microscope,  assisted  by  wood-engravings  indicating 
the  classification  of  the  convolutions  of  the  brain. 

Thirty  tracings  of  the  pulse  in  various  forms  of  insanity,  made  bj  the  Sphygmograph, 
have  alio  been  added. 

BIDDLE  0ohx"b.),  M.  D., 

Professor  of  Materia  Medica  and  Therapeutics  in  the  Jefferson  Medical  College,  Philadelphia,  &c. 

MATERIA  MEDICA,  FOR  THE  USE  OF  STUDENTS.  With 
Illustrations.     Sixth  Edition,  Revised  and  Enlarged.     Price 

This  new  and  thoroughly  revised  edition  of  Professor  Biddle's  work  has  incorporated  in 
it  ail  the  improvements  as  adopted  by  the  New  United  States  Pharmacopoeia  just  issued.     It 
i-  designed  to  present  the  leading  facts  and  principles  usually  comprised  under  this  h< 
set  forth  by  the  standard  authorities,  and  to  fill  a  vacuum  which  seems  to  exist  in  the 
of  an  elementary  work  on  the  subject.     The  larger  works  usually  recommended  as  text- 
in  our  MedieaJ  schools  are  too  voluminous  for  convenient  use.     This  will  be  found  to  contain, 
in  a  conden-ed  form,  all  that  is  most  valuable,  and  will  supply  students  with  a  reliable  . 
to  the  course  of  lectures  on  Materia  Medica  as  delivered  at  the  various  Medical  seho 
the  United  States. 

BYFORD  (w.  h.),  A.M.,  M.D., 

Professor  of  Obstetrics  and  Diseases  of  Women  and  Children  in  the  Chicago  Medical  College,  &.c. 

PRACTICE  OF  MEDICINE  AND  SURGERY.  Applied  to  the 
Diseases  and  Accidents  incident  to  Women.  Second  Edition,  Revised 
and  Enlarged.     Octavo.     Price,  cloth,  £5.00;  sheep        .  S6.00 

This  work  treats  well-nigh  all  the  diseases  incident  to  women,  diseases  and  accident-  of 
the  vulva  and  perineum,  ntone  in  the  bladder,  inflammation  of  the  vagina,  menstruatio 

-  triers,  tie- uterus  and  its  ailments,  ovarian  tumors,  diseases  of  the  mammae,  puerperal 
convulsions,  phlegmasia  alba  dolens,  puerperal   fever,  See.     [fa  thus  of  the  most 

extended  character,  yet  the  observations  are  concise,  but  convey  much  practical  inform 
— London  Lancet. 

SAME  AUTHOR. 
ON  THE  CHRONIC  INFLAMMATION  AND  DISPLACED  KM 
OF  THE  UNIMPREGNATED   ITTERUS.     A   New,   Enlarged,  and 
Thoroughly  Revised  Edition,  with  Numerous  Illustrations.   Octav< 
Dr.  Byford  writes  the  exact  present  state  of  medical  knowledge  on  the  sub  nted ; 

and  does  this  so  clearly,  so  concisely,  so  truthfully,  and  bo  completely,  thai  his  honk  on  the 
utems  will  always  meet  the  approval  of  the  profession,  and  be  everywhere  regarded 

popular  standard  work.  —  Jiujf'alu  Medical  and  Surgical  Journal. 
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BLACK    (D.  CAMPBELL),    M.  D., 
L.  R.  C.  S.  Edinburgh,  Member  of  the  General  Council  of  the  University  of  Glasgow,  &c,  &c. 

THE  FUNCTIONAL  DISEASES  OF  THE  RENAL,  URINARY, 
and  Reproductive  Organs,  with  a  General  View  of  Urinary  Pathology. 
Price     ...........     $2.50 

CONTENTS. 

Chap.  1.  On  the  Conditions  that  affect  the 
Secretion  of  the  Urine,  with  special 
reference  to  Suppression 


Retention  of  Urine;  its  Varieties, 
Causes,  and  Treatment. 
Irritable  Bladder,  Strangury. 


Chap.  4.  On  the  Pathology  and  Treatment  of 
Nocturnal  Enuresis,  and  Spermatic 
Incontinence. 
"      5.  Sterility  in  the  Male. 
"      6.  Male  Impotence. 
"      7.  Anomalous  Urethral  Discharges. 


The  style  of  the  author  is  clear,  easy,  and  agreeable,  .  .  .  his  work  is  a  valuable  contri- 
bution to  medical  science,  and  being  penned  in  that  disposition  of  unprejudiced  philosophical 
inquiry  which  should  always  guide  a  true  physician,  admirably  embodies  the  spirit  of  its 
opening  quotation  from  Professor  Huxley.  —  Philada.  Med.  Times. 


BEASLEY  (henry). 

THE  BOOK  OF  PRESCRIPTIONS.  Containing  over  3000 
Prescriptions,  collected  from  the  Practice  of  the  most  Eminent  Physi- 
cians and  Surgeons  —  English,  French,  and  American;  comprising  also 
a  Compendious  History  of  the  Materia  Medica,  Lists  of  the  Doses  of  all 
Officinal  and  Established  Preparations,  and  an  Index  of  Diseases  and 
their  Remedies.     Fourth  Edition,  Revised  and  Enlarged.    Price,  $2.50 

This  new  edition  of  Dr.  Beasley's  Prescription  Book,  although  presented  in  a  much  more 
compact  form  and  at  a  greatly  reduced  price,  has  been  thoroughly  revised,  and  an  account 
of  all  the  new  medicines  lately  introduced,  with  the  formulas  of  the  new  Pharmacopoeias 
added.  Carefully  selecting  from  the  mass  of  materials  at  his  disposal,  the  author  has  aimed 
to  compile  a  volume  sufficiently  comprehensive,  in  which  both  physician  and  druggist, 
prescriber  and  compounder,  may  find  under  the  head  of  each  remedy  the  manner  in  which 
that  remedy  may  be  most  effectively  administered,  or  combined  with  other  medicines  in  the 
treatment  of  disease.  The  alphabetical  arrangement  of  the  book  renders  this  easy.  A  short 
description  of  each  medicine  is  also  given,  and  a  list  of  the  doses  in  which  its  several  pre- 
parations may  be  prescribed. 

BY  SAME  AUTHOR. 

THE  POCKET  FORMULARY:  A  Synopsis  of  the  British  and 
Foreign  Pharmacopoeias.     Ninth  Revised  Edition.     Price       .     $2.50 

THE  DRUGGIST'S  GENERAL  RECEIPT  BOOK  and  VETERI- 
NARY FORMULARY.     Seventh  Edition.     Price.         .         .     $3.50 

BRUNTON  (t.  lauder),  M.D.,  D.Sc, 

Lecturer  on  Materia  Medica  in  the  Medical  College  of  St.  Bartholomew's  Hospital. 

EXPERIMENTAL   INVESTIGATION   OF   THE  ACTION  OF 

MEDICINES:  A  Hand-Book  of  Practical  Pharmacology,  with  Engrav- 
ings.    Preparing. 


BRANSTON  (thomas  f.). 

HAND-BOOK  OF  PRACTICAL  RECEIPTS.     For  the  Chemist, 
Druggist,  &c. ;  with  a  Glossary  of  Medical  and  Chemical  Terms.     $1.50 

BEETON  (mrs.). 
BOOK  OF  HOUSEHOLD  MANAGEMENT.     Colored  and  other 
Illustrations.     1100  pages.      .......     $3-25 
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COHEN  (i.  sous),  M.D. 

Lecturer  on  Laryngoscopy  and  Diseases  of  the  Throat  and  Chest  in  Jefferson  Medical  College. 

ON  INHALATION.  ITS  THERAPEUTICS  AND  PRACTICE. 
Including  a  Description  of  the  Apparatus  employed,  &c.  With  Cases 
and  Illustrations.     Price  .         .  .  .  .  .  .$2.50 

SAME  AUTHOR. 
CROUP.     In  its  Relations  to  Tracheotomy.     Price         .         .    $1.00 

CARSON  (joseph),  M.D., 

Professor  of  Materia  Medica  and  Pharmacy  in  the  University. 

A  HISTORY  OF   THE    MEDICAL  DEPARTMENT   OF  THE 

UNIVERSITY  OF  PENNSYLVANIA,   from  its  Foundation  in  1765: 

with  Sketches  of  Deceased  Professors,  &c.        .  .         .  .     $2.00 

The  history  of  the  University  of  Pennsylvania  has  a  national  as  well  as  a  local  intere.si, 

from  the  early  date  of  its  origination,  and  the  connection  with  it  of  men  of  illustrious  public 

reputation,  such  as  Drs.  Franklin,  Rush,  Physick,  Gibson.  Dewees,  Chapman,  Wood,  <fcc,  <tc. 

For  the  labor  and  love  which  he  has  spent  in  preparing  this  most  interesting  and  valuable 

work,  Prof.  Carson  has  earned  the  gratitude  of  the  alumni  ot'£he  University,  and  of  all  others 

interested  in  medical  education  in  this  country.  — American  Journal  of  Medical  Science. 

CARPENTER  (w.  b.),  M.D.,  F.R.S. 
THE    MICROSCOPE   AND    ITS    REVELATIONS.      The    Fifth 
London  Edition,  Revised  and  Enlarged,  with  more  than  500  Illustra- 
tions        $5 .50 

SAME  AUTHOR. 
PRINCIPLES  OF  HUMAN  PHYSIOLOGY.   The  Seventh  Revised 
and  Enlarged  Edition.     With  nearly  300  Illustrations   on    Steel    and 
Wood.     Edited  by  Mr.  Henry  Power.     Octavo.  .         .     £11.25 

CHAVASSE  (p.  henry),  F.R.C.S., 

Author  of  Advice  to  a  Wife,  Advice  to  a  Mother,  &c. 

APHORISMS  ON  THE  MENTAL  CULTURE  AND  TRAIN- 
ING OF  A  CHILD,  and  on  various  other  subjects  relating  to  Health 
and  Happiness.     Addressed  to  Parents.     Price         .  .  .     £1.50 

Dr.  Chavasse's  works  have  heen  very  favorably  received  and  had  a  large  circulation,  the 
value  of  his  advice  to  WIVES  and  MOTHERS  having  thus  been  very  generally  recognized 
This  hook  is  a  sequel  or  companion  to  them,  and  it  will  be  found  both  valuable  and  important 
to  all  who  have  the  care  of  families,  and  who  want  to  bring  up  their  children  to  become  useful 
men  and  women.     It  is  full  of  fresh  thoughts  and  graceful  illustrations. 

CLARKE  (w.fairlie),  M.D., 

Assistant  Surgeon  to  Charing  Cross  Hospital. 

CLARKE'S   TREATISE  ON  DISEASES   OE   THE  TONGUE. 

With  Lithographic  and  Wood-cut  Illustrations.     Octavo.      Price  $5.00 
It  contains  The  Anatomy  and  Physiology* of  the  Tongue,  Importance  of  its  Minute  Exam- 
ination, Its  Congenital  Defects,  Atrophy,  Hypertrophy,  Parasitic  Diseases,  Inflammation, 

Syphilis  ami  its  effects,  Various  Tumors  to  which  it  ||  subject,  Accidents,  Injuries,  A:e.,  &C. 

COOPER  (s.). 
A  DICTIONARY  OE   PRACTICAL   SURGERY  AND    ENCY- 
CLOPAEDIA  OF    SURGICAL    SCIENCE.     New  Edition,  brought 
down  to  the  present  time.     By  Samuel  A.  Lane,  F.R.C.S.,  assisted  by 

other  eminent  Surgeons.     In  two  vols.,  of  over  1000  pages  each.     £15.00 
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CLAY  (CHARLES),  M.  D. 
Fellow  of  the  London  Obstetrical  Society,  &c. 

THE  COMPLETE  HAND-BOOK  OF  OBSTETRIC  SURGERY, 

or,  Short  Rules  of  Practice  in  Every  Emergency,  from  the  Simplest  to 
the  most  Formidable  Operations  in  the  Practice  of  Surgery.  First 
American  from  the  Third  London  Edition.  With  numerous  Illustra- 
tions.    In  one  volume.  #2.25 

CHAMBERS  (thomas  k.),  M.  D., 

LECTURES,  CHIEFLY  CLINICAL.     Illustrative  of  a  Restorative 
System  of  Medicine. 

CHEW   (SAMUEL),  M.D., 
Late  Professor  of  the  Practice  of  Medicine  in  the  University  of  Maryland. 

MEDICAL  EDUCATION.     A  Course  of  Lectures  on  the  Proper 
Method  of  Studying  Medicine.         .         .         .  .         .         .     #1.00 

This  is  a  most  excellent  manual  for  the  student,  as  well  as  a  refreshing  and  suggestive  one 
to  the  practitioner.  — Lancet  and  Observer. 

COBBOLD  (t.  spencer),  M.D.,  F.R.S. 
WORMS:  a  Series  of  Lectures  delivered  at  the  Middlesex  Hospital 
on  Practical  Helminthology.     Post  Octavo.     .         .         .         .     $2.00 

CLEAVELAND  (c.  h.)   M.D., 

Member  of  the  American  Medical  Association,  &c. 

A  PRONOUNCING  MEDICAL  LEXICON.    Containing  the  Cor- 
rect Pronunciation  and  Definition  of  Terms  used  in  Medicine  and  the 
Collateral  Sciences.     Improved  Edition,  Cloth,  #1.25;  Tucks,       $1.50 
This  work  is  not  only  a  Lexicon  of  all  the  words  in  common  use  in  Medicine,  but  it  is 
also  a  Pronouncing  Dictionary,  a  feature  of  great  value  to  Medical  Students.     To  the  Dis- 
penser it  will  prove  an  excellent  aid,  and  also  to  the  Pharmaceutical  Student.     It  has  received 
strong  commendation  both  from  the  Medical  Press  and  from  the  profession. 

COLES  (oakley),  D.D.S. 

Dental  Surgeon  to  the  Hospital  for  Diseases  of  the  Throat,  &c. 

A   MANUAL   OF   DENTAL    MECHANICS.     Containing   much 

information  of  a  Practical  Nature  for  Practitioners  and  Students. 

INCLUDING 
The  Preparation  of  the  Mouth  for  Artificial  Teeth,  on  Taking  Impressions,  Various 
Modes  of  Applying  Heat  in  the  Laboratory,  Casting  in  Plaster  of  Paris  and  Metal, 
Precious  Metals  used  in  Dentistry,  Making  Gold  Plates,  Various  Forms  of  Porcelain 
used  in  Mechanical  Dentistry,  Pivot  Teeth,  Choosing  and  Adjusting  Mineral  Teeth,  the 
Vulcanite  Base,  the  Celluloid  Base,  Treatment  of  Deformities  of  the  Mouth,  Receipts 
for  Making  Gold  Plate  and  Solder,  etc.,  etc. 
With  140  Illustrations.     Price         .         .         .         .         .  $2-S° 

SAME  AUTHOR. 
ON  DEFORMITIES  OF  THE  MOUTH,  CONGENITAL  AND 
ACQUIRED,  with  their  Mechanical  Treatment.     By  James  Oakley 
Coles,    D.  D.  S.,    Member    of  the    Odontological    Society,   etc.,  etc. 
Second  Edition,  Revised  and  Enlarged.     With  Eight  Colored  Engrav- 
ings and  Fifty-one  Illustrations  on  Wood.      Price  .         .     $2.50 
The  second  edition  of  this  work  shows  that  the  author  has  continued  to  devote  himself 
with  zeal  to  the  investigation  and  treatment  of  a  very  interesting  class  of  cases^    He  has 
especially  studied  the  congenital  cleft  palate,  and  has,  with  the  mirror,  detected  in  several 
cases  growths  in  the  naso-pharyngeal  tonsil.     We  recommend  the  work  to  the  study  of  both 
surgeons  and  dentists.  —  London  Lancet. 
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CLARK  (f.  le  gros),  F.  R.  S., 

Senior  Surgeon  to  St.  Thomas's  Hospital. 

OUTLINES  OF  SURGERY  AND  SURGICAL  PATHOLOGY, 
including  the  Diagnosis  and  Treatment  of  Obscure  and  Urgent  Cases, 
and  the  Surgical  Anatomy  of  some  Important  Structures  and  Regions. 
Assisted  by  W.  W.  Wagstaffe,  F.  R.  C.  S.,  Resident  Assistant-Surgeon 
of,  and  Joint  Lecturer  on  Anatomy  at,  St.  Thomas's  Hospital.  Second 
Edition,  Revised  and  Enlarged.      Price  ....     $3.00 

This  edition  brings  the  work  up  to  the  highest  level  of  our  present  knowledge,  incorporat- 
ing all  that  is  sound  and  recent  in  Physiology  so  far  as  it  relates  to  subjects  requiring  its 
aid.  It  is  not  alone  an  admirable  exposition  of  the  principles  of  Surgery,  but  a  trusty  guide 
to  the  emergencies  of  Practice.  We  cannot  too  highly  estimate  the  ability  to  condense  and 
the  results  of  a  ripened  experience  furnished  to  us  here  in  a  readable  and  practical  form.  — 
Med.  Times  and  Gazette. 

COOLEY  (a.  j.). 

CYCLOPAEDIA  OF  PRACTICAL  RECEIPTS.  Containing  Pro- 
cesses and  Collateral  Information  in  the  Arts,  Manufactures,  Profes- 
sions, and  Trades,  including  Medicine,  Pharmacy,  and  Domestic 
Economy;  designed  as  a  General  Book  of  Reference  for  the  Manufac- 
turer, Tradesman,  Amateur,  and  Heads  of  Families.  The  Fifth  Edi- 
tion, Revised  and  partly  Rewritten  by  Richard  V.  Tuson,  F.C.S.,  &c. 
Over  1000  royal-octavo  pages,  double  columns.  With  Illustrations. 
Price  .  .  .  .  .  .         .  .  .  .  .     $10.00 

Every  part  of  this  edition  has  been  subjected  to  a  thorough  and  complete  revision  by  tbe 
editor,  assisted  by  other  scientific  gentlemen.  In  the  chemical  portion  of  the  book,  every 
subject  of  practical  importance  has  been  retained,  corrected,  and  added  to;  to  the  name  of 
every  substance  of  established  composition  a  formula  has  been  attached;  while  to  the  Phar- 
maceutist its  value  has  been  greatly  increased  by  the  additions  which  have  been  made  from 
the  British,  Indian,  and  United  States  Pharmacopoeias. 

CAZEAUX  (p.).  M.  D., 

Adjunct  Professor  of  the  Faculty  of  Medicine,  Paris,  etc. 
A  THEORETICAL  AND  PRACTICAL  TREATISE  ON  MIDWIFERY, 
including  the  Diseases  of  Pregnancy  and  Parturition.  Translated  from 
the  Seventh  French  Edition,  Revised,  Greatly  Enlarged,  and  Improved, 
by  S.  Tarnier,  Clinical  Chief  of  the  Lying-in  Hospital,  Paris,  etc., 
with  numerous  Lithographic  and  other  Illustrations.  Price,  in  Cloth, 
$6.50;   in  Leather,  $7.50. 

If.  Cazeaux's  Great  Work  on  Obstetrics  has  become  classical  in  its  character,  and  almost 
an  Encyclopaedia  in  its  fulness.  Written  expressly  for  the  use  of  students  of  medicine,  its 
teachings  arc  plain  and  explicit,  presenting  a  condensed  summary  of  the  leading  principles 
established  by  the  masters  <»f  tin-  obstetric  art,  and  such  clear,  practical  directions  for  the 
management  of  the  pregnant,  parturient,  and  puerperal  states,  as  have  been  sanctioned  by 
the  most  authoritative  practitioners,  and  confirmed  by  the  author's  own  experience. 

DOBELL  (horace),  M.  D., 

Senior  Physician  to  the  Hospital. 

WINTER  COUGH  (CATARRH,  BRONCHITIS,  EMPHYSEMA, 
ASTHMA).  Lectures  Delivered  at  the  Royal  Hospital  for  Diseases  of  the 
Chest.     The  Third  Enlarged   Edition,  with   Colored   Plates.      Octavo. 

Price $3.50 

This  work  has  been  thoroughly  revised.  Tw«>  new  Lecturei  have  been  added  viz., 
Lecture  I  v.,  "  <  >n  the  Natural  ( iourse  of  Neglected  Winter  <  iough,  mid  on  the  Interdepen- 
dence of  WinterCough  with  other  Diseases;  "  l.eemre  IX.,  "<  )n  Change  of  Climate  in  Winter 
Cough."  Also  additional  matter  on  I'ust-nasal  <  latarrh,  Ear-<  lough,  Artificial  Respiration  as 
a  means  of  Treatment,  Laryngoscopy,  New  Methods  an. I  instruments  in  Treating  of  Emphy- 
sema, a  good  Lndex,  ami  Colored  Plates,  with  appended  Diagnostic  Physical  signs. 
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DIXON  (james),  F.R.C.S., 

Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  &c. 

A  GUIDE  TO  THE  PRACTICAL  STUDY  OF  DISEASES  OF 

THE  EVE,  with  an  Outline  of  their  Medical  and  Operative  Treatment, 

with  Test  Types  and  Illustrations.     Third  Edition,  thoroughly  Revised, 

and  a  great  portion  Rewritten.      Price     .  .  .  .  .     $2.50 

Mr.  Dixon's  book  is  essentially  a  practical  oue,  written  by  an  observant  author,  who  brings 

to  his  special  subject  a  sound  knowledge  of  general  Medicine  and  Surgery. — Dublin  Quarterly 

DILLNBERGER  (dr.  emil). 

A  HANDY-BOOK  OF  THE  TREATMENT  OF  WOMEN  AND 

CHILDREN'S  DISEASES,  according  to  the  Vienna  Medical  School. 

Part  I.   The  Diseases  of  Women.      Part  II.   The  Diseases  of  Children. 

Translated   from   the    Second    German  Edition,  by  P.   Nicol,   M.  D. 

Price $i-75 

Many  practitioners  will  be  glad  to  possess  this  little  manual,  which  gives  a  large  ma>- 
of  practical  hints  on  the  treatment  of  diseases  which  probably  make  up  the  larger  half  oi 
every-day  practice.  The  translation  is  well  made,  and  explanations  of  reference  to  German 
medicinal  preparations  are  given  with  proper  fulness.  —  The  Practitioner. 

DARLINGTON  (william),  M.D. 

FLORA  CESTRICA;  OR,  HERBORIZING  COMPANION.  Con- 
taining all  the  Plants  of  the  Middle  States,  their  Linnsean  Arrangement, 
a  Glossary  of  Botanical  Terms,  a  complete  Index,  &c.  Third  Edition. 
i2mo.    ...........      $2.25 

DUCHENNE  (dr.  g.  b.). 

LOCALIZED    ELECTRIZATION    AND    ITS    APPLICATION 
TO  PATHOLOGY  AND    THERAPEUTICS.     Translated  by  Her- 
bert Tibbits,  M.D.     With  Ninety-two  Illustrations.     Price     .     $3.00 
Duchenne's  great  work  is  not  only  a  well-nigh  exhaustive  treatise  on  the  medical  uses  of 
Electricity,  but  it  is  also  an  elaborate  exposition  of  the  diiferent  diseases  in  which  Electric- 
ity has  proved  to  be  of  value  as  a  therapeutic  and  diagnostic  agent. 
Part  II.,  illustrated  by  chromo-lithographs  and  numerous  wood-cuts,  is  preparing. 

DURKEE  (silas),  M.D., 

Fellow  of  the  Massachusetts  Medical  Society,  &c. 

GONORRHCEA  AND  SYPHILIS.  The  Fifth  Edition,  Revised 
and  Enlarged,  with  Portraits  and  Eight  Colored  Illustrations.     Octavo. 

Price $5.00 

Dr.  Durkee's  work  impresses  the  reader  in  favor  of  the  author  by  its  general  tone,  the 
thorough  honesty  everywhere  evinced,  the  skill  with  which  the  book  is  arranged,  the  man- 
ner in  which  the  facts  are  cited,  the  clever  way  in  which  the  author's  experience  is  brought 
in,  the  lucidity  of  the  reasoning,  and  the  care'with  which  the  therapeutics  of  venereal  com- 
plaints are  treated. — Lancet. 

DRUITT  (robert),  F.R.C.S. 
THE  SURGEON'S  VADE-MECUM.     A  Manual  of  Modern  Sur- 
gery.    The  Tenth  Revised  and  Enlarged  Edition,  with  350  Illustra- 
tions      $S-°° 
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DALBY  (w.  d.),  F.  R.  C.  S., 

Aural  Surgeon  to  St.  George's  Hospital. 

LECTURES  ON  THE  DISEASES  AND  INJURIES  OF  THE 
EAR.  Delivered  at  St.  George's  Hospital.  With  Illustrations. 
Price      .  .  .  .  .  .  .  .  .  .  .$1.50 

This  admirable  little  volume  by  Mr.  Dalby,  the  accomplished  aural  surgeon  to  St.  George's 
Hospital,  consists  of  eleven  lectures  delivered  by  him  at  that  institution.  With  a  modest 
aim,  this  work,  the  latest  issued  by  the  English  press  on  Aural  Surgery,  is  happy  in  coneep- 
tion  and  pleasantly  written  ;  further,  it  shows  that  its  author  is  thoroughly  ati  fait  in  his 
specialty.  The  subject  of  which  the  volume  treats  is  handled  in  a  terse  style,  and  this,  if 
we  mistake  not,  will  make  it  acceptable  to  the  student  and  practitioner  who  have  a  just 
horror  of  unnecessary  details.  In  conclusion,  we  hope  that  we  have  succeeded  in  interesting 
our  readers  in  the  volume.  We  cordially  recommend  it  as  a  trustworthy  guide  in  the  treat- 
ment of  the  affections  of  the  ear.  The  book  is  moderate  in  price,  beautifully  illustrated  by 
wood-cuts,  and  got  up  in  the  best  style.  —  Glasgow  Medical  Journal. 

DUNGLISON  (robley),  M.D., 

Late  Professor  of  Institutes  of  Medicine,  &c,  in  the  Jefferson  Medical  College, 

A  HISTORY  OF  MEDICINE,  from  the  Earliest  Ages  to  the  Com- 
mencement  of  the  Nineteenth  Century.     Edited  by  his  son,  Richard- 

J.   DUNGLISON,  M.D #2.50 

ELLIS     (EDWARD),    M.D. 
Physician  to  the  Victoria  Hospital  for  Sick  Children,  &.c. 

A  PRACTICAL  MANUAL  OF  THE  DISEASES  OF  CH1L 
DREN,  with  a  Formulary.  Second  Edition,  Revised  and  Improved 
One  volume.  .  .  .         .  .  .  .  .  ■     $2.75 

The  author,  in  issuing  this  new  edition  of  his  book,  says :  "I  have  very  carefully  revised 
each  chapter,  adding  several  new  sections,  and  making  considerable  additions  where  the 
subjects  seemed  to  require  fuller  treatment,  without,  however,  sacrificing  conciseness  or 
unduly  increasing  the  bulk  of  the  volume." 


ELAM  (charles),  M.D.,  F.R.C.P. 

ON  CEREBRIA  AXD  OTHER  DISEASES  OF  THE  BRAIN. 
Octavo £2>50 

FOTHERGILL  (j.  milner),  M.D. 

THE  HEART  AXD  ITS  DISEASES,  AND  THEIR  TREAT- 
MENT. With  Illustrations.  Octavo.  Price  .  .  .  $5.00 
i  This  work  gives  to  the  reader  a  concise  view  of  Cardiac  Diseases,  uniting  the  most  recent 
information  as  to  the  cause  of  heart-disease,  with  German  Pathologyand  the  latest  advances 
in  '1  herapeutics.  It  1-  designed  to  iili  the  gap  between  our  standard  works  and  the  pr< 
position  01  our  knowledge  in  diseases  of  the  in-art. 

BY  SAME  AUTHOR. 

DIGITALIS.     Its    Mode    of  Action    and    its    Use,  illustrating 

Effect  of  Remedial  Agents  over  Diseased   Conditions  of   the    H 
Price    . 


FAGGE  (c.  mi. ion),  M.I).,  F.R.C.P., 

Senior  Assistant  Physician  and  Demonstrator  of  Morbid  Anatomy  at  Guy's  Hospital, 

THE  PRINCIPLES  AND  PRACTICE  OF  MEDICINE. 
In  preparation. 
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FOX  (joseph),  D.D.S., 

Lecturer  on  the  Structure  and  Diseases  of  the  Teeth  at  Guy's  Hospital. 

THE  NATURAL  HISTORY,  DISEASES  AND  STRUCTURE 
OF  THE  HUMAN  TEETH,  with  250  Illustrations.     Price  .     $4.00 

FOSTER   (BALTHAZAR),  M.  D., 

Professor  of  Medicine  in  Queen's  College. 

LECTURES  AND  ESSAYS  ON  CLINICAL  MEDICINE.  Re^ 
vised  and  Enlarged  by  the  Author.  With  Engravings.  Octavo. 
Price $3-5° 

FRANKLAND  (e.),  M.  D.,  F.  R.  S.,  &c. 

HOW  TO  TEACH  CHEMISTRY,  being  the  substance  of  Six 
Lectures  to  Science  Teachers.  Reported,  with  the  Author's  sanction, 
by  G.  George  Chaloner,  F.  C.  S.,  &c.     Nearly  ready. 

FENWICK  (samuel),  M.D.,  F  R.C.R 

THE  MORBID  STATES  OF  THE  STOMACH  AND  DUO- 
DENUM. AND  THEIR  RELATIONS  TO  THE  DISEASES  OF 
OTHER  ORGANS.      With  Ten  Plates £5.00 

FLINT  (austix),  M.D., 

Professor  of  the  Principles  and  Practice  of  Medicine,  &c,  Bellevue  Hospital  College,  New  York. 

CLINICAL  REPORTS  ON  CONTINUED  FEVER.  Based  on 
an  Analysis  of  One  Hundred  and  Sixty-four  Cases,  with  Remarks  on 
the  Management  of  Continued  Fever:  the  Identity  of  Typhus  and 
Typhoid  Fever;  Diagnosis,  &c,  &c.     Octavo.     Price    .  .     $2.oc 

GANT    (FREDERICK  J.),  F.  R.  C.  S., 
Surgeon  to  the  Royal  Free  Hospital,  &c. 

THE  IRRITABLE  BLADDER.  Its  Causes  and  Curative  Treat- 
ment ;  including  a  Practical  View  of  Urinary  Pathology,  Deposits,  and 
Calculi.  Third  Edition,  Revised  and  Enlarged.  With  New  Illustra- 
tions.     Price  .  .  .  .  .  .  .  .  .     £2.50 

The  fact  that  a  third  edition  of  this  book  has  been  required  seems  to  be  sufficient  proof 
of  its  value.  The  author  has  carefully  revised  and  added  such  additional  matter  as  to  make 
it  more  complete  and  practically  useful. 

GODFREY  (benjamin),  M.D.,  F.R.A.S. 

THE  DISEASES  OF  HAIR:  a  Popular  Treatise  upon  the  Affec- 
tions of  the  Hair  System 3 1 . 5  c 

GROSS  (SAMUEL  D.),  M.D., 

Professor  of  Surgery  in  the  Jefferson  Medical  College,  Philadelphia,  &c, 

AMERICAN  MEDICAL  BIOGRAPHY  OF  THE  NINETEENTH 

CENTURY.     With  a  Portrait  of  Benjamin  Rush,  M.D.   Octavo.  $3.50 


7.  Phosphoric  Acid,  Phosphatic  Gravel  and 

Calculi. 

8.  Oxalic  Acid,  Oxaluria,  Mulberry  Calculi.. 

9.  Iuosite  in  Urine,  Creatin  and  Creatinine, 

Cholesterin,  Cystin,  Xanthin,  Leucin, 
Tvrosin. 

10.  Diahetes  Mellitus. 

11.  Albuminuria. 
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GREENHOW  (e.  headlam),  M.D., 

Fellow  of  the  Royal  College  of  Physicians,  &e. 

ON  CHRONIC  BRONCHITIS,  Especially  as  Connected  with  Gout, 
Emphysema,  and  Diseases  of  the  Heart.     Price       .  .  .      $2.00 

Of  all  works  yet  written  on  Cbronic  Bronchitis,  this  is  undoubtedly  the  best.  The  style 
is  clear  and  to  the  point,  and  the  principles  of  pathology  and  treatment  eminently  correct 
and  practical.  It  is  a  positive  addition  to  our  medicalTiterature. —  Journal  Psychological 
Medicine. 

HARLEY  (george),  M.  D.,  F.  R.  C.  P., 

Physician  to  University  College  Hospital. 

THE  URINE  AND  ITS  DERANGEMENTS:  With  the  Applica- 
tion of  Physiological  Chemistry  to  the  Diagnosis  and  Treatment  of 
Constitutional  as  well  as  Local  Diseases;  being  a  Course  of  Lectures 
delivered  at  University  College.     With  Engravings.     Price  $2.75 

CONTEXTS. 

1.  What  is  Urine? 

2.  Changes  in  the  Composition  of  the  Urine, 

induced  by  Food,  Drink,  Medicine,  and 
Disease. 

3.  Urea,  Ammonasmia,  Uraemia. 

4.  Uric  Acid. 

5.  Hippuric  Acid,  Chloride  of  Sodium. 

6.  Lrolnematin,  Abnormal  Pigments  in  Urine. 
On  the  whole,  we  have  here  a  valuable  addition  to  the  library  of  the  practising  physician; 

not  only  for  the  information  which  it  contains,  but  also  for  the  suggestive  way  in  which 
many  of  the  subjects  are  treated,  as  well  as  for  the  fact  that  it  contains  the  ideas  of  one  who 
thoroughly  believes  in  the  future  capabilities  of  Therapeutics  based  on  Physiological  tacts, 
and  in  the  important  service  to  be  rendered  by  Chemistry  to  Physiological  investi nation. 

American  Journal  0/  the  Medical  Science. 

HABERSHON  (s.  o.),  M.  D., 

Physician  to  Guy's  Hospital,  &c. 

ON  THE  DISEASES  OF  THE  LIVER.  Their  Pathology  and 
Treatment.  Beioej  the  Lettsonian  Lectures,  delivered  at  the  Medical 
Society  of  Lond.      ^872.      Price $1-50 

These  Lectures  contain  within  a  brief  compass  a  large  amount  of  information  and  many 
practical  suggestions  that  cannot  fail  to  be  of  great  value  to  every  practitioner. 

Dublin  Medical  Journal, 

HEWITT  (graily),  M.  D., 

Physician  to  the  British  Lying-in  Hospital,  and  Lecturer  on  Diseases  of  Women  and  Children,  «Lc. 

THE  DIAGNOSIS,  PATHOLOGY,  AND  TREATMENT  OF 
DISEASES  OF  WOMEN,  including  the  Diagnosis  of  Pregnancy. 
Founded  on  a  Course  of  Lectures  delivered  at  St.  Mary's  Hospital 
Medical  School.  The  Third  Edition,  Revised  and  Enlarged,  with 
new  Illustrations.     Octavo.     Price  in  Cloth         .  .  .  $5.00 

"         Leather     .         .  .  6.00 

This  new  edition  of  Dr.  Hewitt's  book  has  been  bo  much  modified,  that  it  may  be  considered 
substantially  n  new  book  :  wry  much  of  the  matter  has  been  entirely  rewritten,  and  die  whole 
work  has  been  rearranged  in  snob  a  manner  as  to  present  a  mosl  decided  improvement  over 
previous  editions.  Dr.  Hewitl  isthe  leading  clinical  teacher  on  Diseases  of  Women  in  London, 
and  the  characteristic  attention  paid  to  Diagnosis  by  him  has  given  his  work  great  popularity 
there.  It  may  unqu<  stionably  !»•  considered  the  most  valuable  guide  to  correct  Diagnosis  to 
he  found  in  the  English  Language.  0 
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HILLIER  (thomas),  M.D., 

Physician  to  the  Hospital  for  Sick  Children,  &c. 

A  CLINICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN. 
Octavo.     Price      .........     $3.00 

We  have  said  enough  to  indicate  and  illustrate  the  excellence  of  Dr.  Hillier's  volume.  It 
is  eminently  the  kind  of  book  needed  by  all  medical  men  "who  wish  to  cultivate  clinical 
accuracy  and  sound  practice.  — Loudon  Lancet. 

HOLDEN  (luther),  F.R.C.S. 

HUMAN  OSTEOLOGY,  comprising  a  Description  of  the  Bones 
with  Delineations  of  the  Attachments  of  the  Muscles,  &c.  With 
numerous  Illustrations.     Fifth  Edition,  carefully  Revised.    Price,  $6.00 

HOLDEN'S  MANUAL  OF  DISSECTIONS.     Price         .         3500 
HARRIS  (chapin  a.),  M.  D.,  D.  D.  S. 

Late  President  of  and  Professor  of  the  Principles  and  Practice  of  Dental  Surgery  in  the  Baltimore  College,  &.c. 

THE  PRINCIPLES  AND  PRACTICE  OF  DENTISTRY.     Tenth 

Revised  Edition.  In  great  part  rewritten,  rearranged,  and  with  many 
new  and  important  Illustrations.  Including — 1.  Dental  Anatomy  and 
Physiology.  2.  Dental  Pathology  and  Therapeutics.  3.  Dental  Sur- 
gery. 4.  Dental  Mechanics.  Edited  by  P.  H.  Austen,  M.D.,  Pro- 
fessor of  Dental  Science  and  Mechanism  in  the  Baltimore  College  of 
Dental  Surgery.  With  nearly  400  Illustrations,  including  many  new 
ones  made  especially  for  this  edition.  Royal  octavo.  Price,  in  cloth, 
$6.50;  in  leather $1-S° 

This  new  edition  of  Dr.  Harris's  work  has  been  thoroughly  revised  in  all  its  parts  —  more 
so  than  any  previous  edition.  So  great  have  been  the  advances  in  many  branches  of  dentistry, 
that  it  was  found  necessary  to  rewrite  the  articles  or  subjects,  and  this  has  been  done  in  the 
most  efficient  manner  by  Professor  Austen,  for  many  years  an  associate  and  friend  of  Dr. 
Harris,  assisted  by  Professor  Gorgas  and  Thomas  S.  Latimer,  M.  D.  The  publishers  feel 
assured  that  it  will  now  be  found  the  most  complete  text-book  for  the  student  and  guide  for 
the  practitioner  in  the  English  language. 

SAME  AUTHOR. 
A  DICTIONARY  OF  MEDICAL  TERMINOLOGY,  DENTAL 
SURGERY,  AND  THE  COLLATERAL  SCIENCES.  Third  Edition, 
Carefully  Revised  and  Enlarged,  by  Ferdinand  J.  S.  Gorgas,  M.  D., 
D.D.S.,  Professor  of  Dental  Surgery  in  the  Baltimore  College,  &c,  &c. 
Royal  octavo.     Price,  in  cloth,  $6.50;  in  leather  .         .         $7-5° 

The  many  advances  in  Dental  Science  rendered  it  necessary  that  this  edition  should  be 
thoroughly  revised,  which  has  been  done  in  the  most  satisfactory  manner  by  Professor  Gorgas, 
Dr.  Harris's  successor  in  the  Baltimore  Dental  College,  he  having  added  nearly  three  thou- 
sand new  words,  beside-  making  many  additions  and  corrections.  The  doses  of  the  more 
prominent  medicinal  agents  have  also  been  added,  and  in  every  way  the  book  has  been  greatly 
improved,  and  its  value  enhanced  as  a  work  of  reference. 

HANDY  (WASHINGTON  R.),  M.D. 

Late  Professor  of  Anatomy,  &c,  in  the  Baltimore  College. 

A  TEXT-BOOK  OF  ANATOMY,  AND  GUIDE  TO  DISSEC- 
TIONS. For  the  Jse  of  Students  of  Medicine  and  Dental  Surgery. 
With  312  Illustrations.     Octavo.     Price  ....     $4.00 

Dr.  Handy's  work  was  prepared  with  special  reference  to  the  wants  of  the  Student  and 

Practitioner  of  Dental  Surgery.     Directing  particular  attention  to  the  Mouth,  it  shows  step 

bv  step  the  important  Anatomical  and  Physiological  relations  which  it  has  with  each  and 

all  the  organs  and  functions  of  the  general  system. 
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HARDWICH  AND  DAWSON. 

HARDWICH'S  MANUAL  OF  PHOTOGRAPHIC  CHEMISTRY. 
"With  Engravings.  Eighth  Edition.  Edited  and  Rearranged  by  G. 
Dawson,  Lecturer  on  Photography,  &c,  &c.     i2mo.       .         .     $2.00 

The  object  of  the  Editor  has  been  to  give  practical  instruction  in  this  fascinating  art,  and 
to  lead  the  novice  from  first  principles  to  the  higher  branches,  impressing  him  with  the  value 
of  care  and  exactness  in  every  operation. 

HEADLAND  (f.  w.),  M.D., 

Fellow  of  the  Royal  College  of  Physicians,  &c,  &c. 

OX  THE  ACTION  OF  MEDICINES  IN  THE  SYSTEM.  Sixth 
American  from  the  Fourth  London  Edition.  Revised  and  Enlarged. 
Octavo.     Price      .  .  .         .  .         .  .  .  .     $3.00 

Dr.  Headland's  work  gives  the  only  scientific  and  satisfactory  view  of  the  action  of  medi- 
cine; and  this  not  in  the  way  of  idle  speculation,  but  by  demonstration  and  experiments, 
and  inferences  almost  as  indisputable  as  demonstration^.  It  is  trnly  a  jjreat  scientific  work 
in  a  small  compass,  and  deserves  to  be  the  hand-book  of  every  lover  of  the  Profession.  It 
has  received  the  approbation  of  the  Medical  Press,  both  in  this  country  and  in  Europe,  and 
is  pronounced  by  them  to  be  the  most  original  and  practically  useful  work  that  has  been 
issued  for  many  yeara. 

HILLES  (m.  w.), 

Formerly  Lecturer  on  Anatomy,  &.c,  at  Westminster  Hospital, 

THE  POCKET  ANATOMIST.  Being  a  Complete  Description  of 
the  Anatomy  of  the  Human  Body:  for  the  Use  of  Students.  Price,  in 
cloth,  $1.00;  in  Pocket-book  form  .         .         .         .         .31.25 

HEATH  (Christopher),  F.R.C.S., 

Surgeon  to  University  College  Hospital,  &.c. 

INJURIES  AND  DISEASES  OF  THE  JAWS.  The  Jacksonian 
Prize  Essay  of  the  Royal  College  of  Surgeons  of  England,  1867.  Sec- 
ond Edition,  Revised,   with  over   150  Illustrations.     Octavo.      Price, 

35.00 

SAME  AUTHOR. 
A  MANUAL  OF  MINOR  SURGERY  AND  BANDAGING,  for 
the  Use  of  House  Surgeons,  Dressers,  and  Junior  Practitioners.     With 
a  Formulae  and  Numerous  Illustrations.      i6mo.        Price  .     32.25 

HOLMES  (t.  m.  a.), 

Surgeon  and  Lecturer  on  Surgery  to  St.  George's  Hospital,  be 

THE  SURGICAL  TREATMENT  OF  THE  DISEASES  OF 
INFANCY  AND  CHILDHOOD.  Second  Edition,  Revised  and  En- 
larged, containing  Seven  large  Colored  Plates  and  over  One  Hundred 
other  Illustrations.      Price 35. 00 

HUFELAND  (c.  w.),  M.D. 
THE  ART  OF  PROLONGING  LIFE.     Edited  by  Erasmus  Wil- 
son, M.D.,  F.R.S.,  &c     121110.     Cloth 31-5 

The  highly  practical  character  of  Dr.  ETufeland'a  book,  the  sound  advice  which  i: 

tains,  ami  it-  elevated   moral   tone,  recommend   it  lor  extensive  circulation  both  among 
professional  and  uon-j 
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HEWSON  (addineix,)  M.  D. 

Attending  Surgeon  Pennsylvania  Hospital,  dtc. 

EARTH  AS  A  TOPICAL  APPLICATION  IN  SURGERY. 
Being  a  full  Exposition  of  its  use  in  all  the  Cases  requiring  Topical 
Applications  admitted  in  the  Surgical  Wards  of  the  Pennsylvania  Hospi- 
tal during  a  period  of  Six  Months.      With  Four  full-page  Illustrations. 

CONTENTS. 
Preface ;  Introduction ;  Histories  of  Cases ;  Comments  as  to  the  Effects  of  the  Contact  of 
the  Earth  ;  Its  Effects  on  Pain ;  Its  Power  as  a  Deodorizer ;  Its  Influence  over  Inflammation  ; 
Its  Influence  over  Putrefaction ;  Its  Influence  over  the  Healing  Processes ;  Modus  Operandi 
of  the  Earth ;  As  a  Deodorizer  and  other  Putrefaction ;  In  its  Effects  on  Living  Parts. 

Price,    .         .         .         .         .         .  .         .         .         .     $2.50 

It  presents  the  results  of  researches  by  the  author  into  the  action  of  Earth  as  a  surgical 
dressing,  and  embraces  the  histories  of  over  ninety  cases  which  occurred  in  the  wai-ds  of  the 
Pennsylvania  Hospital  some  three  years  since,  but  whose  publication  has  been  delayed,  for 
the  double  purpose  of  weighing  them  by  subsequent  experience,  and  of  interpreting  their 
meaning  by  a  careful  study  of  the  various  subjects  wThich  they  involve. 

HODGE  (hugh  l.),  M.  D. 

Emeritus  Professor  in  the  University  of  Pennsylvania. 

HODGE     ON     FCETICIDE,    OR     CRIMINAL     ABORTION. 

Fourth  Edition.       Price,  in  paper  covers,         .         .         .  .     $0. 30 

"  flexible  cloth,        .         .         .         .0.50 

This  little  book  is  intended  to  place  in  the  hands  of  professional  men  and  others  the  means 
of  answering  satisfactorily  and  intelligently  any  inquiries  that  may  be  made  of  them  in  con- 
neetion  with  this  important  subject. 

HOLDEN  (edgar),  A.  M.,  M.  D., 

Of  Newark,  New  Jersey. 
CONTAINING  THREE  HUNDRED  ILLUSTRATIONS. 
THE  SPHYGMOGRAPH.  Its  Physiological  and  Pathological  In- 
dications. The  Essay  to  which  was  awarded  the  Stevens  Triennial 
Prize  in  the  College  of  Physicians  and  Surgeons  in  New  York,  April, 
1873.  Illustrated  by  Three  Hundred  Engravings  on  Wood.  One  vol- 
ume octavo.     Price $3. 00 

HOOD  (p.),  M.D. 

A  TREATISE  ON  GOUT,  RHEUMATISM,  AND  THE  ALLIED 
AFFECTIONS.     Crown  octavo.  £4.25 


HANCOCK  (henry),  F.R.C.S. 

ON  THE  OPERATIVE  SURGERY  OF  THE  FOOT  AND 
ANKLE.     Numerous  Illustrations.     Octavo.  .         .         .     £6.00 

JONES  (T.  WHARTON),  F.R.S. 

DEFECTS  OF  SIGHT  AND  HEARING.  Their  Nature,  Causes, 
Prevention,  &c.     Second  Edition.     Price        .         .       •.         -     $1.25 

JONES,  SIEVEKING,  and  PAYNE. 

A  MANUAL  OF  PATHOLOGICAL  ANATOMY.  By  C.  Hand- 
field  Jones,  M.  D.,  F.  R.  S.,  Physician  to  St.  Mary's  Hospital;  and 
Edward  H.  Sieveking,  M.D.,  F.R.C.P.,  Physician  to  St. Mary's  Hos- 
pital. A  New  and  Enlarged  Edition.  Edited  by  J.  F.  Payne,  M.B., 
F.R.C.P.,  Assistant  Physician  and  Lecturer  on  Morbid  Anatomy  at  St. 
Thomas's  Hospital.     With  Numerous  Illustrations.  .         .     $6.00 
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LAWSON  (george),  F.R.C.S., 

Surgeon  to  the  Royal  London  Ophthalmic  Hospital. 

DISEASES  AND  INJURIES  OF  THE  EYE,  THEIR  MEDICAL 
AND  SURGICAL  TREATMENT.  Containing  a  Formulary,  Test 
Types,  and  Numerous  Illustrations.      Price       .  .  .  .     $2.50 

This  Manual  is  admirably  clear  and  eminently  practical.  The  reader  feels  that  he  is  in 
the  hands  of  a  teacher  who  ha.s  a  right  to  speak  with  authority,  and  who,  if  he  may  he  said 
t"  be  positive,  is  so  from  the  fulness  of  knowledge  and  experience,  and  who.  while  well  ac- 
quainted with  the  writings  and  labors  of  other  authorities  on  the  matters  he  treat-  of,  has 

himself  practically  worked  out  what  he  teaches.  — Loudon  Medical  Timet  and  Gazette. 

LEBER  &  ROTTEXSTEIX  (drs.). 

DENTAL  CARIES  AND  ITS  CAUSES.  An  Investigation  into 
the  Influence  of  Fungi  in  the  destruction  of  the  Teeth,  translated  by 
Thomas  H.  Chandler,  D.M.D.,  Professor  of  Mechanical  Dentistry  in 
the  Dental  School  of  Harvard  University.  With  Illustrations.  Octavo. 
Price     .  .         .  .  .  .         .  .  .  .  .31.50 

This  work  is  now  considered  the  be«t  and  most  elaborate  work  on  Dental  Caries.  It  is 
everywhere  quoted  and  relied  upon  as  authority  by  the  profession,  who  have  seen  it  in  the 
original,  and  by  authors  writing  on  the  subject. 

LEGG  (j.  wickham),  M.  D. 

Member  of  the  Royal  College  of  Physicians,  &c, 

A  GUIDE  TO  THE  EXAMINATION  OF  THE  URINE.  For 
the  Practitioner  and  Student.   Third  Edition.  i6mo.  Cloth.   Price,  $0.75 

Dr.  Legg*fl  little  manual  has  met  with  remarkable  success;  the  speedy  exhaustion  of  two 
editions  has  enabled  the  author  to  make  certain  emendations  which  add  greatly  to  iu  value. 
It  can  confidently  be  commended  to  the  student  as  a  safe  and  reliable  guide. 

LEARED  (arthur),  M.D.,  F.R.C.P. 
IMPERFECT  DIGESTION:  ITS  CAUSES  AND  TREATMENT. 
The  Fifth  Edition,  Revised  and  Enlarged.        .  .  .  .31.75 

LESCHER  (f.  haryvood). 

THE  ELEMENTS  OF  PHARMACY.  For  Students.  The  Fourth 
Edition,  Revised  and  Enlarged.      Octavo S3- 00 

LIEBREICH  (dr.). 
ATLAS  OF  OPHTHALMOSCOPY:  Representing  the  Normal  and 
Pathological  Conditions  of  the  Fundus  Oculi  as  seen  with  the  Ophthal- 
moscope. Composed  of  Twelve  Chromo-lithographic  Plates  (containing 
Fifty-nine  Figures),  accompanied  by  an  Explanatory  Text,  translated 
into  English.     Second  Edition,  Enlarged  and  Revised,      ato.      315.00 

LIVEING  (edward),  M.D. 

ON  MEGRIM,  SICK-HEADACHE,  AND  SOME  ALLHD 
DISORDERS.      With  Colored  Plate.     Octavo.        .  .  .     30.00 
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LEWIN   (dr.  george). 

Professor  at  the  Fr.-Wilh,  University,  and  Surgeon-in-Chief  of  the  Syphilitic  Wards  and  Skin  Diseases  of 

the  Charity  Hospital,  Berlin. 

THE  TREATMENT  OF  SYPHILIS  by  Subcutaneous   Sublimate 
Injections.    With  a  Lithographic  Plate  illustrating  the  Mode  and  Proper 
Place  of  administering  the  Injections,  and  of  the  Syringe  used  for  the 
purpose.     Translated  by  Carl  Prcegler,  M.D.,  late  Surgeon  in  the 
Prussian  Service,  and  E.  H.  Gale,  M.D.,  late  Surgeon  in  the  United 
States  Army.     Price       .  .  .         .  .         .  .  .     $2.25 

The  great  number  of  cases  treated,  some  fourteen  hundred,  within  a  period  of  four  years, 
in  the  wards  of  the  Charity  Hospital,  Berlin,  only  twenty  of  which  were  returned  on 
account  of  Syphilitic  relapses,  certainly  entitles  the  method  of  treatment  advocated  by  this 
distinguished  syphilographer  to  the  attention  of  all  physicians  under  whose  notice  syphilitic 
cases  come. 

LIZARS  (john),  M.  D. 

Late  Professor  of  Surgery  in  the  Royal  College  of  Surgeons,  Edinburgh. 

THE   USE   AND    ABUSE    OF    TOBACCO.      From   the    Eighth 
Edinburgh  Edition.      121110.     Price,  in  flexible  cloth,  .         $0.60 

This  little  work  contains  a  History  of  the  introduction  of  Tobacco,  its  general  characteris- 
tics; practical  observations  upon  its  effects  on  the  system;  the  opinion  of  celebrated  profes- 
sional men  in  regard  to  it,  together  with  cases  illustrating  its  deleterious  influence,  &c,  <fcc. 

MACNAMARA  (a). 

Surgeon  to  the  Ophthalmic  Hospital,  and  Professor  of  Ophthalmic  Medicine  in  the  Medical  College,  Calcutta, 

MANUAL    OF  THE    DISEASES    OF  THE  EYE.     The  Second 
Edition,    carefully    Revised;  with  Additions,   and  numerous    Colored 
Plates,  Diagrams  of  the    Eye,  many  Illustrations  on  Wood,  Snellen's 
Test  Types,  &c,  &c.     Price  .  .         .  .         .         .     $5.00 

"  This  work  when  first  published  took  its  place  in  medical  literature  as  the  most  complete, 
condensed,  and  well-arranged  manual  on  ophthalmic  surgery  in  the  English  language. 
Arranged  especially  for  medical  students,  it  became,  however,  the  work  of  reference  for  the 
busy  practitioner,  who  could  obtain  nearly  all  that  was  best  worth  knowing  on  this  subject, 
tersely  stated,  and  easily  found  by  the  aid  of  the  excellent  marginal  notes  on  the  contents 
of  the  paragraphs."  —  Philadelphia  Jledical  Times. 

MACKENZIE  (morell),  M.  D. 

Physician  to  the  Hospital  for  Diseases  of  the  Throat,  London,  &c. 

GROWTHS  IN  THE  LARYNX.     Their  History,  Causes,  Symp- 
toms, Diagnosis,  Pathology,  Prognosis,  and  Treatment.     With  Reports 
and  Analysis  of  One  Hundred  Consecutive  Cases  treated  by  the  Author  \ 
and  a  Tabular  Statement  of  every  published  case  treated  since  the  in- 
vention of  the    Laryngoscope.       With  numerous   Colored   and   other 
Illustrations.      Octavo.     Price         ......      $3. 00 

Dr.  Mackenzie's  position  has  given  him  great  advantages  and  a  large  experience  in  the 

treatment  of  Diseases  of  the  Throat,  and  for  many  years  he  has  been  regarded  as  a  leading 

authority  in  this  department  of  Surgery.     The  Illustrations  have  been  prepared  with  great 

care  and  expense. 

OTHER  WORKS  BY  SAME  AUTHOR. 

THE   LARYNGOSCOPE  IN  DISEASES    OF  THE   THROAT. 

With  an  Appendix  on  Rhinoscopy,  and  an  Essay  on  Hoarseness  and 

Loss  of  Voice.     With  Additions  by  J.  Sous  Cohen,   and  Numerous 

Illustrations  on  Wood  and  Stone.     Price     .  .  .  .  #3. 00 

PHARMACOPCEIA  OF   THE    HOSPITAL   for   Diseases   of  the 
Throat;  with  One  Hundred  and  Fifty  Formulae  for  Gargles,  &c,  &c. 
Price     .  .         .  .  .  .  .  .         .  .  .     $1.25 
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MEIGS  and  PEPPER. 

A  PRACTICAL  TREATISE  OX  THE  DISEASES  OF  CHIL- 
DREN. By  J.  Forsyth  Meigs,  M.D..  Fellow  of  the  College  of  Physi- 
cians of  Philadelphia,  »5cc..  ^:c.;  and  William  Pepper,  M.D.,  Physician 
to  the  Philadelphia  Hospital,  &c.  Fifth  Edition,  thoroughly  Re 
and  greatly  Enlarged,  forming  a  Royal  Octavo  Volume  of  over  iooo 
pages.     Price,  bound  in  cloth.  36.00  ;   leather  .  .  .$;.:: 

It  i>  the  most  complete  work  on  the  subject  iu  our  language.     It  contains  at  once  the  re- 
galia of  personal,  ana  the  experience  of  outers.     It6  quotations  from  the  most  recent  author- 

:-.t  home  and  abroad,  are  ample,  and  we  think  the  authors  deserve  congratolatio]  a 
having  produced  a  book  unequalled  tor  the  use  of  the  student  and  indispc. 
of  reference  for  the  practitioner.  —  A.  M  ileal  Jour 

MURPHY  (john  g.),  M.D. 

A  REVIEW  OF  CHEMISTRY  FOR  STUDENTS.  Adapted  to 
the  Courses  as  Taught  in  the  Principal  Medical  Schools  in  the  United 
States.  .         .         .         .         .         .         .         .         .         .     $1.25 

MENDENHALL  (george),  M.D., 

Professor  of  Obstetrics  in  the  Medical  College  of  Ohio,  Lc. 

MEDICAL   STUDENTS  VADE  MECUM.     A   Compendium   of 
Anatomy.  Physiology,  Chemistry,  the  Practice  of  Medicine,   Surgery, 
Obstetrics,  Diseases  of  the  Skin,  Materia  Medica,   Pharmacy,   Poisons. 
Eleventh  Edition,  Revised  and  Enlarged,  with  224  Illustra- 
tions  52.50 

MAXSON  (edwin  rO,  M.D., 

Formerly  Lecturer  on  the  Practice  of  Medicine  in  the  Geneva  Medical  College,  <Lc. 

THE  PRACTICE  OF  MEDICINE.      .        .        . 
MARSHALL  (john),  F.R.S., 

Professor  of  Surgery,  University  Colleee,  London. 

PHYSIOLOGICAL  DIAGRAMS.     Life-size,  and  Beautifully  Col- 
ored.    An  Entirely  New  Edition,   Revised  and  Improved,   illustrating 
the  whole  Human  Body,  each  Map  printed  on  a  single  sheet  of  j  - 
seven  feet  long  and  three  feet  nine  inches  broad. 

No.  1.  The  Skeleton  and  Ligaments.  tin  arid  N« 

_.  The  Muscles,  Juint^,  and  Animal  Me-     No.    8.  Tin  I 

chanies.  of  the  Voice.    Plate  1. 

ra in. Position. — The Strne-    No.    9.  TheOijj 

tore  of  the  Lnnea,  N   .  10.  The   Microscopic    Structure  of  the 

l  ia-ulation.  Textures.     Plate  1. 

No.  5.  The  Lymphatics  or  Absorbents.  No.  11.  '1                             Structure  of  the 

No.  6.  The  Digestive  Oj  Textures.    Plal    2. 

Price  of  the  Set,  E  jven  Maps,  in  Sheets,     .         .         .  *  .  £50.00 

"  handsomely  Mounted  on 

Canvas,  with  Rollers,  and  varnished.     ....  -So.  00 
An  Explanatory  Key  to  the  Diagram.     Price         ....  50 

SAME  AUTHOR. 

DESCRIPTION    OF    THE    HUMAN    BODY.      Its   Structure  and 

Functions.      Illustrated   by  Pi  .       _  I    for  the 

hers  in  Schools,  Students  of  Medicine.  .\   .     N    1  Edition. 

olio  Volume  containinj 

Illu>trations.      Price      .  ......      £10.00 
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MAUNDER  (c.  f.),  F.R.C.S. 

Surgeon  to  the  London  Hospital;  formerly  Demonstrator  of  Anatomy  at  Guy's  Hospital. 

OPERATIVE  SURGERY.  Second  Edition,  with  One  Hundred 
and  Sixty-four  Engravings  on  Wood.     Price         .         .         .         $2.50 

MAYNE  (r.  g.),  M.  D.,  and  MAYNE  (j.),  M.  D. 
MEDICAL  VOCABULARY:  An  Explanation  of  all  Names, 
Synonyms,  Terms,  and  Phrases  used  in  Medicine  and  the  Relative 
Branches  of  Medical  Science,  giving  their  correct  Derivation,  Meaning, 
Application,  and  Pronunciation.  Intended  especially  as  a  book  of 
reference  for  Physicians  and  Students.  Fourth  Edition,  Revised  and 
Enlarged.     Post  8vo.     450  pages.    Price      ....         #3. 50 

MARTIN  (john  h.). 

Author  of  Microscopic  Objects,  &c, 

A  MANUAL  OF  MICROSCOPIC  MOUNTING.  With  Notes  on 
the  Collection  and  Examination  of  Objects,  and  upwards  of  One  Hun- 
dred Illustrations  on  Stone  and  Wood,  drawn  by  the  Author. 
Price     ...........     $3.00 

"  This  book  is  more  than  its  title  indicates.  It  gives  a  description  of  the  apparatus  neces- 
sary for  microscopical  research,  as  well  as  the  methods  of  preparation  and  preserving  the 
various  objects.  It  is  a  complete  and  well-illustrated  work  on  its  subject,  which  is  daily 
becoming  more  valuable  to  the  scientist  and  more  cultivated  as  an  elegant  and  interesting 
study."  —  Scientific  American. 

MEADOWS  (alfred),  M.D. 

Physician  to  the  Hospital  for  Women,  and  to  the  General  Lying-in  Hospital,  &c. 

MANUAL  OF  MIDWIFERY.  A  New  Text-Book.  Including  the 
Signs  and  Symptoms  of  Pregnancy,  Obstetric  Operations,  Diseases  of 
the  Puerperal  State,  &c,  &c.  First  American  from  the  Second  London 
Edition.     With  numerous  Illustrations.     Price  .         .         .     $3.00 

This  book  is  especially  valuable  to  the  Student  as  containing  in  a  condensed  form  a  large 
amount  of  valuable  information  on  the  subject  which  it  treats.  It  is  also  clear  and  methodi- 
cal in  its  arrangement,  and  therefore  useful  as  a  work  of  reference  for  the  practitioner.  The 
Illustrations  are  numerous  and  well  executed. 

MILLER  (james),  F.R.C.S. 

Professor  of  Surgery  University  of  Edinburgh. 

ALCOHOL,  ITS  PLACE  AND  POWER.     From  the  Nineteenth 

Glasgow  Edition.      121110.      Cloth  flexible.     Price   .         .         .     $0.75 

This  work  was  prepared  by  Professor  Miller  at  the  special  request  of  the  Scottish  Temper- 
ance League,  who  were'  anxious  to  have  a  work  of  high  authority,  presenting  the  medical 
view  of  the  subject  that  could  be  freely  disseminated  among  all  classes. 


MILLER  and  LIZARS. 

ALCOHOL:  Its  Place  and  Power.  By  James  Miller,  F.R.S.E.,  late 
Professor  of  Surgery  in  the  University  of  Edinburgh,  &c. — THE  USE 
AND  ABUSE  OF  TOBACCO.  By  John  Lizars,  late  Professor  to  the 
Royal  College  of  Surgeons,  &c.  The  Two  Essays  in  One  Volume. 
i2mo.  .         .         .         .         .         .  .  .         .  .     Si.  00 
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.    MARSDEN   (ALEXANDER),  M.  D. 

A  NEW  AND  SUCCESSFUL  MODE  OF  TREATING  CERTAIN 
FORMS  OF  CANCER.     Second  Edition,  Colored  Plates.  $3.50 

NORRIS    (GEORGE  w.),   M.  D. 

Late  Surgeon  to  the  Pennsylvania  Hospital,  &c. 

CONTRIBUTIONS  TO  PRACTICAL  SURGERY,  including 
numerous  Clinical  Histories,  Drawn  from  a  Hospital  Service  of  Thirty 
Years.     In  one  volume,  Octavo.     Price  .  .         .         .  .     $4.00 

OTT  (adolph), 

Practical  and  Analytical  Chemist. 

ON  SOAPS  AND  CANDLES.  Including  the  Most  Recent  Dis- 
coveries in  the  Manufacture  of  all  kinds  of  Ordinary  Hard,  Soft,  and 
Toilet  Soaps,  and  Tallow  and  Composite  Candles.  With  Illustrations. 
Price $2.50 

OVERMAN    (FREDERICK), 

Mining  Engineer,  &c. 

PRACTICAL  MINERALOGY,  ASSAYING  AND  MINING. 
With  a  Description  of  the  Useful  Minerals,  and  Instructions  for  Assay- 
ing, according  to  the  Simplest  Methods.  .  .  .  .      $1.25 

PHYSICIAN'S  VISITING  LIST,  PUBLISHED  ANNUALLY. 

SIZES   AND    PRICES. 

For  25  Patients  weekly.     Tucks,  pockets,  and  pencil,     . 
50       "  "  '  " 

IOO  "  "  "  "  " 
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INTERLEAVED    EDITION. 

For  25  Patients  weekly,  interleaved,  tucks,  pockets,  &c, 
50 

50       "  "   2  vols. 


{Jan.  to  June  *) 
July  to  Dec.  j 
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This  Visiting  List  has  now  been  published  Twenty-four  Yen-?,  and  has  met  with  such  uni- 
form and  hearty  approval  from  the  Profession,  thai  the  demand  for  it  has  steadily  increased 
from  year  u>  year. 

POWER,  HOLMES,  ANSTIE,  and  BARNES. 
REPORTS  ON  THE  PROGRESS  OF  MEDICINE  AND  SUR- 
GERY,  PHYSIOLOGY,  OPHTHALMIC  MEDICINE,  MID- 
WIFERY, DISEASES  OF  WOMEN  AND  CHILDREN,  MATERIA 
MEDICA,  &c.  Edited  tor  the  Sydenham  Society  of  L  Ion.  (  ><  tavo. 
Price     .         .         .         .         .         .         .         .         .         .         .     sjj.oo 
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PARKES  (EDWARD  A.),  M.D., 

Professor  of  Military  Hygiene  in  the  Army  Medical  School,  &c, 

A  MANUAL  OF  PRACTICAL  HYGIENE.  The  Fourth  Revised 
and  Enlarged  Edition,  for  Medical  Officers  of  the  Army,  Civil  Medical 
Officers,  Boards  of  Health,  &c,  &c.  With  many  Illustrations.  One 
volume  Octavo.     Price  .         .         .         .  .         .         .     #6.00 

This  work,  previously  unrivalled  as  a  text-book  for  medical  officers  of  the  army,  is  now 
equally  unrivalled  as  a  text-book  for  civil  medical  officers.  The  first  book  treats  in  succes- 
sive chapters  of  water,  air,  ventilation,  examination  of  air,  food,  quality,  choice,  and  cooking 
of  food,  beverages,  and  condiments;  soil,  habitations,  removal  of  excreta,  warming  of  houses, 
exercise,  clothing,  climate,  meteorology,  individual  hygienic  management,  disposal  of  the 
dead,  the  prevention  of  some  common  diseases,  disinfection,  and  statistics.  The  second 
book  is  devoted  to  the  service  of  the  soldier,  but  is  hardly  less  instructive  to  the  civil  officer 
of  health.  It  is,  in  short,  a  comprehensive  and  trustworthy  text-book  of  hygiene  for  the 
scientific  or  general  reader.  — London  Lancet. 

POWER  (henry),  M.B.,  F.R.C.S., 

Senior  Ophthalmic  Surgeon  to  St.  Bartholomew's  Hospital. 

THE  STUDENT'S  GUIDE  TO  THE  DISEASES  OF  THE  EYE. 

With  Engravings.     Preparing. 

PENNSYLVANIA  HOSPITAL  REPORTS. 

EDITED  BY  A  COMMITTEE  OF  THE  HOSPITAL  STAFF. 
J.  M.  Da  Costa,  M.D.,  and  William  Hunt,  M.D.  Vols.  1  and  2  ;  each 
volume  containing  upwards  of  Twenty  Original  Articles,  by  former 
and  present  Members  of  the  Staff,  now  eminent  in  the  Profession,  with 
Lithographic  and  other  Illustrations.     Price  per  volume  .     $4.00 

The  first  Repoi-ts  were  so  favorably  received,  on  both  sides  of  the  Atlantic,  that  it  is  hardly 
necessary  to  speak  for  them  the  universal  welcome  of  which  they  are  deserving.  The  papers 
are  all  valuable  contributions  to  the  literature  of  medicine,  reflecting  great  credit  upon  their 
authors.  The  work  is  one  of  which  the  Pennsylvania  Hospital  may  well  be  proud.  It  will 
do  much  towards  elevating  the  profession  of  this  country. — American  Journal  0)  Obstetrics. 

PAGET  (james),  F.R.S., 

Surgeon  to  St.  Bartholomew's  Hospital,  &.c. 

SURGICAL  PATHOLOGY.     Lectures  delivered  at  the  Royal  Col- 
lege of  Surgeons  of  England.      Third    London  Edition,   Edited  and 
Revised  by  William   Turner,   M.  D.     With  Numerous   Illustrations. 
Price,  in  cloth,  $7.50;  in  leather    .  .         .         .  .         .     $8.50 

A  new  and  revised  edition  of  Mr.  Paget's  Classical  Lectures  needs  no  introduction  to  our 
readers.  Commendation  would  be  as  superfluous  as  criticism  out  of  place.  Every  page  bears 
evidence  that  this  edition  has  been  "carefully  revised." — American  Medical  Journal. 

PEREIRA  (Jonathan),  M.D.,  F.R.S.,  &c. 

PHYSICIAN'S  PRESCRIPTION  BOOK.  Containing  Lists  of 
Terms,  Phrases,  Contractions,  and  Abbreviations  used  in  Prescriptions, 
with  Explanatory  Notes,  the  Grammatical  Constructions  of  Prescrip- 
tions, Rules  for  the  Pronunciation  of  Pharmaceutical  Terms,  a  Proso- 
diacal  Vocabulary  of  the  Names  of  Drugs,  &c,  and  a  Series  of  Abbre- 
viated Prescriptions  illustrating  the  use  of  the  preceding  terms,  &c.  ;  to 
which  is  added  a  Key,  containing  the  Prescriptions  in  an  unabbreviated 
Form,  with  a  Literal  Translation,  intended  for  the  use  of  Medical  and 
Pharmaceutical  Students.  From  the  Fifteenth  London  Edition.  Price, 
in  cloth,  31.25;  in  leather,  with  Tucks  and  Pocket,  .     $1.50 
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PROCTOR   (BARNARD  S.). 
PRACTICAL    PHARMACY.     A    Course  of   Lectures  comprising 
Descriptions  of  General  Processes,  Lessons  in  Dispensing,  Pharmaco- 
poeia] Testing,   Qualitative  and  Quantitative,  &c.     With  Illustrations. 
Octavo.     Price       .........      $5.00 

PARKER  (langston),  F.R.C.S.L. 

THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES. 
Containing  the  Treatment  of  Constitutional  and  Confirmed  Syphilis, 
with  numerous  Cases, Formulae,  &:c,  &c.   Fifth  Edition,  Enlarged.   34. 25 

PRINCE  (david),  M.D. 

PLASTIC  AND  ORTHOPEDIC  SURGERY.  Containing  1.  A 
Report  on  the  Condition  of,  and  Advances  made  in,  Plastic  and  Ortho- 
pedic Surgery  up  to  the  Year  1871.  2.  A  New  Classification  and  Brief 
Exposition  of  Plastic  Surgery.  With  numerous  Illustrations.  3.  Ortho- 
pedics :  A  Systematic  Work  upon  the  Prevention  and  Cure  of  Deformities. 
With  numerous  Illustrations.      Octavo.      Price  .  .         .     $4.50 

This  is  a  good  book  upon  an  important  practical  subject ;  carefully  written,  and  abun- 
dantly illustrated.  It  goes  over  the  whole  ground  of  deformities  —  from  cleft-palate  and 
club-foot  to  spinal  curvatures  un<l  ununited  fractures.  It  appears,  moreover,  to  be  an  original 
book.  —  Medical  and  Surgical  Reporter. 

SAME  AUTHOR. 
GALVANO-THERAPEUTICS.     A  Revised  reprint  of  A  Report 
made  to  the  Illinois  State  Medical  Society.     With  Illustrations.     Price, 

$1.25 

PIESSE  (g.  w.  septimus), 

Analytical  Chemist. 

WHOLE  ART  OF  PERFUMERY.  And  the  Methods  of  Obtaining 
the  Odors  of  Plants  ;  the  Manufacture  of  Perfumes  for  the  Handkerchief, 
Scented  Powders,  Odorous  Vinegars,  Dentifrices,  Pomatums,  Cosmet- 
ics, Perfumed  Soaps,  &c. ;  the  Preparation  of  Artificial  Fruit  Essences, 
&c.  Second  American  from  the  Third  London  Edition.  With  Illus- 
trations  $3- 00 

PIGGOTT  (a.  snowden),  M.D., 

Practical  Chemist. 

COPPER  MININGAND  COPPER  ORE.  Containing  a  full  Descrip- 
tion of  some  of  the  Principal  Copper  Mines  of  the  United  Stales,  the  Art 
of  Mining,  the  Mode  of  Preparing  the  Ore  for  Market.  &c,  &c.     $1.50 

PAVY  (f.  w.),  M.  D.,  F.  R.  S. 

DIABETES.  Researches  on  its  Nature  and  Treatment.  Third  Re- 
vised Edition.      Octavo         ....... 

PHYSICIAN'S  PRESCRIPTION  BLANKS,  with  a  Margin  for 
Duplicates,  Notes,  Cases,  &c,  c\ic     Price,  per  packs 

Price,  per  dozen 
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RINDFLEISCH   (dr.  edward). 

Professor  of  Pathological  Anatomy,  University  of  Bonn. 

TEXT-BOOK  OF  PATHOLOGICAL  HISTOLOGY.     An  Intro 

duction  to  the  Study  of  Pathological  Anatomy.  Translated  from  the 
German,  by  Wm.  C.  Kloman,  M.D.,  assisted  by  F.  T.  Miles,  M.D., 
Professor  of  Anatomy,  University  of  Maryland,  &c.,  &x.  Containing 
Two  Hundred  and  Eight  elaborately  executed  Microscopical  Illustra- 
tions. Octavo.  Price,  bound  in  Cloth,  .  .  .  .  $6.00 
"           "           Leather,      ....        7.00 

This  is  now  confessedly  the  leading  book,  and  the  only  complete  one  on  the  subject  in 
the  English  language.  The  London  Lancet  says  of  it:  "  Eindrteisch's  work  forms  a  mine 
Which  no  pathological  writer  or  student  can  afford  to  neglect,  who  desires  to  interpret  aright 
pathological  structural  changes,  and  his  book  is  consequently  well  known  to  readers  of  Ger- 
man medical  literature.  What  makes  it  especially  valuable  is  the  fact  that  it  was  originated, 
as  its  author  himself  tells  us,  more  at  the  microscope  than  at  the  writing-table.  Altogether 
the  book  is  the  result  of  honest  hard  labor.  It  is  admirably  as  well  as  profusely  illustrated, 
furnished  with  a  capital  Index,  and  got  up  in  a  way  that  is  worthy  of  what  must  continue 
to  be  the  standard  book  of  the  kind." 

ROBERTS    (FREDERICK  T.).,  M.  D.,  B.  Sc. 

Assistant  Physician  and  Teacher  of  Clinical  Medicine  in  the  University  College  Hospital;  Assistant  Physician 
Brompton  Consumption  Hospital,  &c. 

A  HAND-BOOK  OF  THE  THEORY  AND  PRACTICE  OF 
MEDICINE.  One  volume  medium  octavo,  containing  over  100c 
pages.     Price $5.00. 

This  work  has  been  prepared  mainly  for  the  use  of  Students,  and  its  object  is  to 
present  in  as  condensed  a  form  as  the  present  extent  of  Medical  Literature  will  permit, 
and  in  one  volume,  such  information  with  regard  to  the  Principles  and  Practice  of 
Medicine,  as  shall  be  sufficient  not  only  to  enable  them  to  prepare  for  the  various 
examinations  which  they  may  have  to  undergo,  but  also  to  guide  them  in  acquiring 
that  Clinical  Knowledge  which  can  alone  properly  fit  them  for  assuming  the  active 
duties  of  their  profession.  The  work  is  also  adapted  to  the  wants  of  very  many 
members  of  the  profession  who  are  already  busily  engaged  in  general  Practice,  and 
consequently  have  but  little  leisure  and  few  opportunities  for  the  perusal  of  the  larger 
works  on  Practice  or  of  the  various  special  monographs. 


REYNOLDS  (j.  russf.ll),  M.  D.,  F.  R.  S., 

Lecturer  on  the  Principles  and  Practice  of  Medicine,  University  College,  London. 

LECTURES   ON   THE  CLINICAL  USES  OF  ELECTRICITY. 

Delivered  at  University  College  Hospital.     Second  Edition,  Revised 
and  Enlarged.     Price $!-25 

RYAN    (MICHAEL),  M.  D. 

Member  of  the  Royal  College  of  Physicians, 

PHILOSOPHY  OF  MARRIAGE,  in  its  Social,  Moral,  and  Physi 
cal  Relations ;  with  an  Account  of  the  Diseases  of  the  Genito-Urinary 
Organs,  &c.     Price #1.00 

This  is  a  philosophical  discussion  of  the  whole  subject  of  Marriage,  its  influences  and 
results  in  all  their  varied  aspects,  together  with  a  medical  history  of  the  reproductive  func- 
tions of  the  vegetable  and  animal  kingdoms,  and  of  the  abuses  and  disorders  resulting  from 
it  in  the  latter.    It  is  intended  both  for  the  professional  and  general  reader. 

11 
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RADCLIFFE  (ciiarles  bland),  M.D., 

Fellow  of  the  Royal  CclLge  of  Physicians  of  London,  &c. 

LECTURES  ON  EPILEPSY,  PAIN,  PARALYSIS,  and  other 
Disorders  of  the  Nervous  System.      With  Illustrations."     .  .      $2.00 

The  reputation  which  Dr.  Radcliffe  possesses  as  a  very  able  authority  on  nervous  affections 
will  commend  hia  work  to  every  medical  practitioner.  We  recommend  it  as  a  work  that  will 
throw  much  light  upon  the  Physiology  and  Pathology  of  the  Nervous  System.  —  Canada 
Medical  Journal. 

ROBERTSON  (a.),  M.D.,  D.D.S. 

A  MANUAL  ON  EXTRACTING  TEETH.  Founded  on  the 
Anatomy  of  the  Parts  involved  in  the  Operation,  the  kinds  and  proper 
construction  of  the  instruments  to  be  used,  the  accidents  likely  to  occur 
from  the  operation,  and  the  proper  remedies  to  retrieve  such  accidents. 
A  New  Revised  Edition.  .  .  .  .  .  .  .      $1.50 

The  author  is  well  known  as  a  contributor  to  the  literature  of  the  profession,  and  as  a 
clear,  terse,  and  practical  writer.  The  subject  is  one  to  which  he  has  devoted  considerable 
attention,  and  is  treated  with  his  usual  care  and  ability.  The  work  is  valuable  not  only 
to  the  dental  student  aud  practitioner,  but  also  to  the  medical- studeut  and  surgeon.  —  Dental 
Cosmos. 

REESE  (john  j.),  M.D., 

Professor  of  Medical  Jurisprudence  and  Toxicology  in  the  University  of  Pennsylvania. 

AN  ANALYSIS  OF  PHYSIOLOGY.  Being  a  Condensed  View 
of  the  most  important  Facts  and  Doctrines,  designed  especially  for  the 
Use  of  Students.     Second  Edition,  Enlarged.  .         .         .     $1.50 

SAME  AUTHOR. 
THE  AMERICAN  MEDICAL  FORMULARY.     Price      .    $1.50 
A  SYLLABUS  OF  MEDICAL  CHEMISTRY.     Price       .    31.00 

RICHARDSON  (joseph),  D.D.S. 

Late  Professor  of  Mechanical  Dentistry,  &c,  &c. 

A  PRACTICAL  TREATISE  ON  MECHANICAL  DENTISTRY. 

Second  Edition,  much  Enlarged.     With  over  150  beautifully  executed 
Illustrations.     Octavo.     Price,  in  leather         ....     $4.50 

This  Murk  does  infinite  credit  to  its  author.  Its  comprehensive  style  has  in  noway  in- 
terfered with  most  elaborate  details  where  tins  is  necessary  ;  and  the  numerous  and  beautifully 
executed  wood-cuts  with  which  it  is  illustrated  make  the  volume  as  attractive  as  its  instruc- 
tions arc  easily  understood.  —Edinburgh  Med.  Journal, 

ROBERTS  (lloyd  d.),  M.D., 

Vice-President  of  the  Obstetrical  Society  of  London,  Physician  to  St.  Mary's  Hospital,  Manchester. 

THE  STUDENT'S  GUIDE  TO  THE  PRACTICE  OF  MID- 
WIFERY.    With  Engravings.      In  Preparation. 

REEVES  (h.  a.),  F.  R.  C.  S. 

THE  STUDENT'S  GUIDE  TO  PRACTICAL  HISTOLOGY, 
Histo-Chemistry,  and  Embryology.  With  Engravings  on  Wood, 
121110.      Preparing. 
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RIGBY  and  MEADOWS. 

DR.  RIGBY'S  OBSTETRIC  MEMORANDA.  Fourth  Edition, 
Revised  and  Enlarged,  by  Alfred  Meadows,  M.D.,  Author  of  "A 
Manual  of  Midwifery,"  &c.      Price         .  .  .  .  .  .50 

RIHL  and  O'CONNOR. 

THE  PHYSICIAN'S  DIARY.  Monthly,  Semi-Annual,  and  Annual 
Journal  and  Cash-Book  Combined.  The  Fourth  Revised  Edition.  A 
large  folio  volume,  with  printed  Heads,  Index,  &c.,&c.  Bound  in  full 
leather.     Price       .........     $7.50 

RUPPANER  (antoine),  M.D. 

THE  PRINCIPLES  AND  PRACTICE  OF  LARYNGOSCOPY 
AND   RHINOSCOPY   IN   DISEASES    OF    THE    THROAT,    &c. 

Fifty-nine  Illustrations.     Price        .  .  .         .         .         .     $1.50 

SANDERSON,  KLEIN,  FOSTER,  and  BRUNTON. 

A  HAND-BOOK  FOR  THE  PHYSIOLOGICAL  LABORATORY. 

Being  Practical  Exercises  for  Students  in  Physiology  and  Histology,  by 

E.  Klein,  M.  D.,  Assistant  Professor  in  the  Pathological  Laboratory 
oi    the    Brown    Institution,  London;    J.    Burdox-Sanderson,  M.  D., 

F.  R.  S.,  Professor  of  Practical  Theology  in  University  College,  Lon- 
don; Michael  Foster,  M.D.,  F.R.S.,  Fellow  of  and  Praelector  of  Phys- 
iology in  Trinity  College,  Cambridge;  andT.  Lauder  Brum  ton,  M.D. , 
D.Sc,  Lecturer  on  Materia  Medica  in  the  Medical  College  of  St.  Bar- 
tholomew's Hospital.  Edited  by  J.  Burdon-Sanderson.  The  Illus- 
trations consist  of  One  Hundred  and  Twenty-three  octavo  pages, 
including  over  Three  Hundred  and  Fifty  Figures,  with  appropriate 
letter-press  explanations  attached  and  references  to  the  text,  and  bound 
in  a  separate  volume.     Price  of  the  two  volumes,  text  and  plates,  $8.00 

We  feel  that  we  cannot  recommend  this  work  too  highly.  To  those  engaged  in  physiologi- 
cal work  as  students  or  teachers,  it  is  almost  indispensable :  and  to  those  who  are  not,  a 
perusal  of  it  will  by  no  means  be  unprofitable.  The  execution  of  the  plates  leaves  nothing 
to  be  desired.  They  are  mostly  original,  and  their  arrangement  in  a  separate  volume  has 
great  and  obvious  advantages.  — Dublin  Journal  of  dledical  Sciences. 

SIEVEKING(e.  h.),  M.D.,  F.R.CS. 
THE  MEDICAL  ADVISER  IN  LIFE  ASSURANCE.    Price  S2.25 

This  book  supplies,  in  a  concise  and  available  form,  such  facts  and  figures  as  are  required 
by  the  Physician  or  Examiner  to  assist  him  in  arriving  at  a  correct  estimate  of  the  many 
contingencies  upon  which  life  insurance  rests. 

SWAIN    (WILLIAM  PAUL),  F.R.C.S., 
Surgeon  to  the  Royal  Albert  Hospital,  Devonport. 

SURGICAL    EMERGENCIES:    A    MANUAL     CONTAINING 
CONCISE    DESCRIPTIONS    OF   VARIOUS    ACCIDENTS   AND 
EMERGENCIES,    WITH    DIRECTIONS    FOR    THEIR    IMME- 
DIATE TREATMENT.     With  numerous  Wood  Engravings.     In  one 
volume,  121110.     Cloth.     Price        ......     $2.00 
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STILLE  (ALFRED),  M.D., 
Professor  of  the  Theory  and  Practice  of  Medicine  in  the  University  of  Pennsylvania,  &c. 

EPIDEMIC  MENINGITIS;  or,  Cerebro-Spinal  Meningitis.     In  one 

volume,  Octavo.  .         .         .         .         .         .         .  $2.00 

This  monograph  is  a  timely  publication,  comprehensive  in  its  scope,  and  presenting  within 
a  small  compass  a  fair  digest  of  our  existing  knowledge  of  the  disease,  particularly  accept- 
able at  the  present  time.  It  is  just  such  a  one  as  is  needed,  and  may  be  taken  as  a  model 
for  similar  works.  —  American  Journal  Medical  Sciences. 

SAME  AUTHOR. 

ELEMENTS  OF  GENERAL  PATHOLOGY.  A  Practical  Treat- 
ise on  the  Causes,  Forms,  Symptoms,  and  Results  of  Disease.  Second 
Edition  preparing. 

SCHULTZE  (dr.  b.  s.), 

Professor  of  Midwifery  at  the  University  of  Jena. 

LECTURE  DIAGRAMS  FOR  INSTRUCTION  IN  PREG- 
NANCY AND  MIDWIFERY.  Twenty  Plates  of  the  largest  Imperial 
size,  printed  in  colors.  Drawn  and  Edited-  with  Explanatory  Notes, 
and  a  4to  volume  of  letter-press.  Prices,  in  sheets,  $15.00.  Hand- 
somely mounted  on  rollers  for  hanging  up.  ...     $30.00 

SANSOM    (ARTHUR  ERNEST),  M.B., 

Physician  to  King's  College  Hospital,  &c. 

CHLOROFORM.     Its  Action  and  Administration.     Price  $2.00 

This  work  may  be  characterized  as  most  excellent.  Written  not  alone  from  a  theoretical 
point  of  view,  but  showing  very  considerable  experimental  study,  and  an  intimate  clinical 
acquaintance  with  the  administration  of  these  remedies,  —  passing  concisely  over  the  whole 
ground,  giving  the  latest  information  upon  every  point.  It  is  just  the  work  for  the  student 
and  practitioner.  —  American  Medical  Journal. 

SCANZONI  (f.  w.  von), 

Professor  in  the  University  of  Wurzburg. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  THE 
SEXUAL  ORGANS  OF  WOMEN.  Translated  from  the  French. 
By  A.  K.  Gardner,  M.D.     With  Illustrations.     Octavo.         .     $500 

STOKES  (WILLIAM), 

Regius  Professor  of  Physic  in  the  University  of  Dublin. 

THE  DISEASES  OF  THE  HEART  AND  THE  AORTA. 
Octavo. $5-°° 


SYDENHAM  SOCIETY'S  PUBLICATIONS.  New  Series,  1859 
to  1873  inclusive,  15  years,  56  vols.  Subscriptions  received,  and  back 
years  furnished  at  $  10. 00  per  year.  Full  prospectus,  with  the  Reports 
of  the  Society  and  a  list  of  the  Books  published,  furnished  free  upon 
application. 

SANKEY  (w.  11.  o.),  M.D.,  F.R.C.P. 
LECTURES  ON  MENTAL  DISEASES.     Octavo.     .         .    S3.25 
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SWERINGEN   (hiram   v.). 

Member  American  Pharmaceutical  Association,  &c. 

PHARMACEUTICAL   LEXICON.     A  Dictionary  of  Pharmaceu- 
tical Science.     Containing  a  concise  explanation  of  the  various  subjects 
and  terms  of  Pharmacy,  with  appropriate  selections  from  the  collateral 
sciences.     Formulae  for  officinal,  empirical,  and  dietetic  preparations; 
selections  from  the  prescriptions  of  the  most  eminent  physicians  of 
Europe  and  America;    an  alphabetical  list  of  diseases  and  their  defini- 
tions; an  account  of  the  various  modes  in  use  for  the  preservation  of 
dead  bodies  for  interment  or  dissection ;  tables  of  signs  and  abbrevia- 
tions,  weights    and  measures,   doses,   antidotes   to   poisons,   &c,   &c. 
Designed  as  a  guide  for  the  Pharmaceutist,  Druggist,  Physician,  &c. 
Royal  Octavo.     Price  in  cloth         ......     #5.00 

"         leather     ......       6.00 

"  We  have  received  from  publishers  so  many  English  reprints  ill  adapted  to  the  needs  of 
this  country,  that  it  is  with  pleasure  we  welcome  a  thorough  American  book,  written  for  the 
uses  of  the  American  pharmaceutist.  Besides,  the  work  is  well  written,  creditably  arranged, 
rtnd  neatly  printed,  it  will  be  found  very  useful  to  the  druggist  as  well  as  to  the  physician. 
Being  in  the  form  of  a  dictionary,  its  aim  is  to  give  immediate  information  in  a  concise  man- 
ner, and  not  a  complete  treatise  on  each  subject.  So  far  as  we  have  been  able  to  see,  the 
Pharmaceutical  Lexicon  is  remarkably  correct.  "  — Druggist's  Circular. 

SHEPPARD  (edgar),  M.  D. 

Professor  of  Psychological  Medicine  in  King's  College,  London. 

MADNESS,  IN  ITS  MEDICAL,  SOCIAL,  AND  LEGAL  AS- 
PECTS. A  series  of  Lectures  delivered  at  King's  College,  London. 
Octavo.     Price       .........      $2.50 

SAVAGE  (henry),  M.  D.,  F.  R.  C.  S. 

Consulting  Physician  to  the  Samaritan  Free  Hospital,  London. 

THE  SURGERY,  SURGICAL  PATHOLOGY,  and  Surgical  Anat- 
omy of  the  Female  Pelvic  Organs,  in  a  Series  of  Colored  Plates 
taken  from  Nature :  with  Commentaries,  Notes,  and  Cases.  Third 
Edition,  greatly  enlarged.     A  quarto  volume.     Price 

SAME  AUTHOR. 
AN  EXPOSITION  OF  THE   NATURE   OF  THE   SURGICAL 
DISEASES  OF  THE  FEMALE  PELVIC  ORGANS.     With  a  View 

to  their  Rational  Treatment.      Preparing. 

SUTTON  (francis),  F.  C.  S. 

A  SYSTEMATIC  HAND-BOOK  OF  VOLUMETRIC  ANALYSIS, 
or  the  Quantitative  Estimation  of  Chemical  Substances  by  Measure, 
Applied  to  Liquids,  Solids,  and  Gases.  Third  Edition,  enlarged. 
With  numerous  Illustrations. 

SMITH  (eustace),  M.D. 

Physician  to  the  East  London  Hospital  for  Diseases  of  Children,  &c. 

CLINICAL  STUDIES  OF  DISEASES  IN  CHILDREN. 

Preparing. 
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TANNER  (thomas  hawkes),  M.D.,  F.R.C.P.,  &c. 

THE  PRACTICE  OF  MEDICINE.     Sixth  American  from  the  last 
London  Edition.     Revised,  much  Enlarged,  and  thoroughly  brought  up 
to  the  present  time.     With  a  complete  Section  on  the  Diseases  Peculiar 
to  Women,  an  extensive  Appendix  of  Formulae  for  Medicines,  Baths, 
&c,  &c.     Royal  Octavo,   over   noo  pages.     Price,   ii?  cloth,   $6.00; 
leather  ..........      $7-og 

There  is  a  common  character  about  the  writings  of  Dr.  Tanner  —  a  characteristic  which 
constitutes  one  of  their  chief  values  :  they  are  all  essentially  and  thoroughly  practical.  Dr. 
Tanner  never,  for  one  moment,  allows  this  utilitarian  end  to  escape  his  mental  view.  He 
aims  at  teaching  how  to  recognize  and  how  to  cure  disease,  and  in  this  he  is  thoroughly  suc- 
cessful. ...  It  is,  indeed,  a  wonderful  mine  of  knowledge. — Medical  Times. 

SAME  AUTHOR. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  IN- 
FANCY AND  CHILDHOOD.  Third  American  from  the  last  Lon- 
don Edition,  Revised  and  Enlarged.  '  By  Alfred  Meadows,  M.D., 
London,  M.R.C.P.,  Physician  to  the  Hospital  for  Women  and  to  the 
General  Lying-in  Hospital,  &c,  &c.     Price    ....      $3-50 

This  book  of  Dr.  Tanner's  has  been  much  enlarged  and  the  plan  altered  by  Dr.  Meadows. 
As  it  now  stands,  it  is  probably  one  of  the  most  complete  in  our  language.  It  no  longer 
deals  with  children's  diseases  only,  but  includes  the  peculiar  conditions  of  childhood,  both 
normal  and  abnormal,  as  well  as  the  therapeutics  specially  applicable  to  that  class  of  patients. 
The  articles  on  Skin  Diseases  have  been  revised  by  Dr.  Tilbury  Fox,  and  those  on  Diseases 
of  the  Eye  by  Dr.  Brudenell  Carter,  both  gentlemen  distinguished  in  these  specialties.  — 
Medical  Times  and  Gazette. 

A  MEMORANDA  OF  POISONS.  A  New  and  much  Enlarged 
Edition.     Price 75 

AN  INDEX  OF  DISEASES  AND  THEIR  TREATMENT.  The 
last  London  Edition.      i2mo.     Price  .....     $3.00 

TYSON  (james),  M.D., 

Lecturer  on  Microscopy  in  the  University  of  Pennsylvania,  &c. 

THE  CELL  DOCTRINE.  Its  History  and  Present  State,  with  a 
Copious  Bibliography  of  the  Subject,  for  the  use  of  Students  of  Medi- 
cine and  Dentistry.  With  Colored  Plate,  and  numerous  Illustrations 
on  Wood.     Price       .........     $2.00 

BY  SAME  AUTHOR. 
A  PRACTICAL  GUIDE  TO  THE  EXAMINATION  OF  URINE. 

For  the  use  of  Physicians    and    Students.     With   a    Colored  Plate    and 
numerous  Illustrations  Engraved  on  Wood.    A  121110  Volume.    Price,  $1.50 

TAFT  (JONATHAN),  D.D.S., 
Professor  of  Operative  Dentistry  in  the  Ohio  College,  &c. 

A  PRACTICAL   TREATISE  ON  OPERATIVE   DENTISTRY. 

Second    Edition,  thoroughly    Revised,  with  Additions,  and  fully  brought 
up  to  the  Present  State  of    the  Science.     Containing  over   100  Illus- 
trations.    Octavo.      Price,  in  '.cat her.  ....  S4.50 
Professor  Tafl  has  done  good  service  in  thus  embodying,  in  a  separate  volume,  a  compre- 
hensive view  of  operative  dentistry.    'This  gentleman's  position  as  a  teacher  mnsl  have  ren- 
deredhim  familiar  with  the  most  recent  views  which  arc  entertained  in  America  on  this 
matter,  while  his  extensive  experience  and  well-earned  reputation  in  practice  must  have 
rendered  him  a  competenl  jndgeof  their  merits.     We  willingly  commend  Professor  TafVs 
ableand  useful  wore  to  the  orofession.    -  London  Dental  Renew, 
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TROUSSEAU  (a.), 

Professor  of  Clinical  Medicine  to  the  Faculty  of  Medicine,  Paris,  &c. 

LECTURES  ON  CLINICAL  MEDICINE.     Delivered  at  the  HStel 
Dieu,  Paris.     Translated  from  the  Third  Revised  and  Enlarged  Edition 
by  P.  Victor  Bazire,  M.D.,  London  and  Paris;  and  John  Rose  Cor- 
mack,  M.D.,  Edinburgh,  F.R.S.,  &c.     With  a  full  Index,  Table  of  Con- 
tents, &c.      Complete  in  Two  volumes,  royal  octavo,  bound  in  cloth. 
Price  $10.00;   in  leather        .......     $12.00 

Trousseau's  Lectures  have  attained  a  reputation  both  in  England  and  this  country  far 
greater  than  any  work  of  a  similar  character  heretofore  written  ;  and,  notwithstanding  but  few 
medical  m<n  could  afford  to  purchase  the  expensive  edition  issued  by  the  Sydenham  Society, 
it  has  had  an  extensive  sale.  In  order,  however,  to  bring  the  work  within  the  reach  of  all 
the  profession,  the  publishers  now  issue  this  edition,  containing  all  the  lectures  as  contained 
iu  the  live-volume  edition,  at  one-half  the  price.  The  London  Lancet,  in  speaking  of  the 
work,  says:  "  It  treats  of  diseases  of  daily  occurrence  and  of  the  most  vital  interest  to  the 
practitioner.  And  we  should  think  any  medical  library  absurdly  incomplete  now  which  did 
not  have  alongside  of  Watson,  Graves,  and  Tanner,  tne  '  Clinical  Medicine'  of  Trousseau." 
The  Sydenham  Society's  Edition  of  Trousseau  can  also  be  furnished  in  sets,  or  in  separate 
volumes,  as  follows :  Volumes  I.,  IE,  and  HE,  £o.UU  each.     Volumes  IV.  and  V.,  $4-00  each. 

TILT  (edward  john),  M.D. 

THE  CHANGE  OF  LIFE  IN  HEALTH    AND    DISEASE.     A 
Practical  Treatise  on  the  Nervous  and  other  Affections  incidental  to 
Women  at    the  Decline  of  Life.     From  the  Third  London  Edition. 
Price     ...........      $3.00 

The  work  is  rich  in  personal  experience  and  observation,  as  well  as  in  ready  and  sensible 
reflection  on  the  experience  and  observation  of  others.  The  book  is  one  that  no  practitioner 
should  be  without,  as  the  best  we  have  on  a  class  of  diseases  that  makes  a  constant  demand 
upon  our  care,  and  requires  very  judicious  management  on  the  part  of  the  practitioner. — 
London  Lancet. 

TOYNBEE  (j.),  F.R.S. 

ON  DISEASES  OF  THE  EAR.  Their  Nature,  Diagnosis,  and 
Treatment.  A  new  London  Edition,  with  a  Supplement.  By  James 
Hinton,  Aural  Surgeon  to  Guy's  Hospital,  &c.  And  numerous  Illus- 
trations.    Octavo.  .  .  .  .  .         .  .  .     $5.00 

THOMPSON  (sir  henry),  F.R.C.S.,  &c. 

ON  THE  PREVENTIVE  TREATMENT  OF  CALCULOUS 
DISEASE,  and  the  Use  of  Solvent  Remedies.     Price       .  .     31.00 

SAME  AUTHOR. 

CLINICAL  LECTURES  IN  DISEASES  OF  THE  URINARY 
ORGANS.  Third  London  Edition,  with  additional  Lectures  and 
Illustrations-  •  •  •  •  •  •  •  •  .$2.50 

PRACTICAL  LITHOTOMY  AND  LITHOTRITY.  Second  Edi- 
tion, with  Illustrations.'  .......     $4.00 

THOROWGOOD  (john  a),  M.D, 

Lecturer  on  Materia  Medicaatthe  Middlesex  Hospital. 

THE  STUDENT'S  GUIDE  TO  MATERIA  MEDICA.  With 
Engravings  on  Wood. $2.50 

TYLER  SMITH  (w.),  M.D., 

Physician,  Accoucheur,  and  Lecturer  on  Midwifery,  &c. 

ON  OBSTETRICS.  A  Course  of  Lectures.  Edited  by  A.  K. 
Gardner,  M.D.     With  Illustrations.     Octavo.         .  .         .     $5.00 
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THOROWGOOD  (j.  a),  M.  D. 

Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest,  and  to  the  West  London  Hospital,  &c. 

NOTES  ON  ASTHMA.  Its  various  Forms,  their  Nature  and 
Treatment,  including  Hay  Asthma,  with  an  Appendix  of  Formulae,  &c. 
Second  Edition.      Price  .  .  .  .  .  .         .     $1.75 

TOMES  (john),  F.R.S. 

Late  Dental  Surgeon  to  the  Middlesex  and  Dental  Hospitals,  &c. 

A  SYSTEM  OF  DENTAL  SURGERY.  The  Second  Revised  and 
Enlarged  Edition,  by  Charles  S.  Tomes,  M.A.,  Lecturer  on  Dental 
Anatomy  and  Physiology,  and  Assistant  Dental  Surgeon  to  the  Dental 
Hospital  of  London.      With  263  Illustrations.      Price       .  .     $5.00 

This  book  has  been  for  some  time  out  of  print  in  this  country.  The  material  progress  made 
in  the  science  of  Dental  Surgery  since  its  first  publication  has  rendered  large  additions  and 
many  revisions  necessary  to  the  New  Edition  :  in  order  to  bring  it  fully  up  to  the  time;  this 
has  been  done  without  increasing  the  size  of  the  book  more  than  possible.  Many  improve- 
ments, however,  will  be  found  added  to  the  Text,  and  some  Sixty  new  illustrations  are  in- 
corporated in  the  volume. 

TOMES  (as.),  B.A. 

Lecturer  on  Anatomy  and  Physiology,  and  Assistant  Surgeon  to  the  Dental  Hospital  of  London. 

A  MANUAL  OF  DENTAL  ANATOMY  AND  PHYSIOLOGY^ 
with  Numerous  Illustrations.     Preparing. 

TROUSSEAU  (a.),  M.  D. 

Professor  of  Clinical  Medicine  to  the  Faculty  of  Medicine,  Paris;   Physician  to  the  Hotel  Dieu,  &c,  &.c. 

LECTURES  ON  CLINICAL  MEDICINE.  Delivered  at  the  Hotel 
Dieu,  Paris.     Sydenham  Society's  Edition. 

Price  of  Vols.  1,  2,  and  3,  each, $S-°° 

"  "  4  and  5       " 4  00 

TUKE    (DANIEL  H.),  M.  D. 

Associate  Author  of  "A  Manual  of  Psychological  Medicine,"  &c. 

ILLUSTRATIONS  OF  THE  INFLUENCE  OF  THE  MIND 
UPON  THE  BODY.      Octavo.     Price  ....     $400 

The  author  shows  very  clearly  in  this  book  the  curative  influence  of  the  mind,  as  well  as 
its  effect  in  causing  disease,  and  the  use  of  the  imagination  and  emotions  as  therapeutic 
agents.  J  lis  object  is  also  to  turn  to  the  use  of  legitimate  medicine  the  means  so  frequently 
employed  successfully  in  many  .systems  of  quackery. 


TIBBITS    (HERBERT),  M.  D. 

Medical  Superintendent  of  the  National  Hospital  for  the  Paralyzed  and  Epileptic,  &c. 

A  HANDBOOK  OF    MEDICAL  ELECTRICITY.     With   Sixty- 
four  large  Illustrations.      Small  octavo.  Price      .  .  .32.00 

The  author  of  this  volume  is  the  translator  of  Duchenne's  gre&l  work  on  "  Localized  Elec- 
trization." Avoiding  contested  points  in  electro-physiology  and  therapeutics,  he  ha-  pre- 
pared this  handbook  as  containing  all  that  is  essential  for  the  bllSy  practitioner  to  know,  not 
only  when,  hut  in  EXPLICIT  and  PULL  DETAIL,  how  to  use  Kleetrieity  in  the  treatment  oi' 
disease,  and  to  make  the  practitioner  as  much  at  home  in  the  use  of  his  electrical  a»  his 
otiier  medical  instruments. 
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VIRCHOW  (rudolphe), 

Professor,  University  of  Berlin, 

CELLULAR  PATHOLOGY.  Translated  from  the  Second  Edition, 
with  Notes  and  Emendations,  by  Frank  Chance,  B.A.,  M.A.,  144 
Illustrations.  .  .         .  .  .         .         .  .  $5.00 


VAN  DER  KOLK  (j.  l.  c.  schroeder), 

THE    PATHOLOGY    AND    THERAPEUTICS   OF    MENTAL 
DISEASES.     Translated  by  Mr.  Rudall,  F.R.C.S.      Octavo.      $3.00 


WARING  (edward  john),  F.R.C.S.,  F.L.S.,  &c,  &c. 

PRACTICAL  THERAPEUTICS.  Considered  chiefly  with  refer- 
ence to  Articles  of  the  Materia  Medica.  Third  American  from  the  last 
London  Edition.      Price,  in  cloth,  $5.00;   leather  .  .     $6.00 

There  are  many  features  in  Dr.  YVaring's  Therapeutics  which  render  it  especially  valuable 
to  the  Practitioner  and  Student  of  Medicine,  much  important  and  reliable  information  being 
found  in  it  not  contained  in  similar  works  ;  also  in  its  completeness,  the  convenience  of  its  ar- 
rangement, and  the  greater  prominence  given  to  the  medicinal  application  of  the  various 
articles  of  the  Materia  Medica  in  the  treatment  of  morbid  conditions  of  the  Human  Body,  <fcc. 
It  is  divided  into  two  parts,  the  alphabetical  arrangement  being  adopted  throughout.  It 
contains  also  an  excellent  Index  of  Diseases,  with  a  list  of  the  medicines  applicable  as 
remedies,  and  a  full  Index  of  the  medicines  and  preparations  noticed  in  the  work. 


WYTHES  (joseph  h),  A.M.,  M.D.,  &c. 

THE  PHYSICIAN'S  POCKET,  DOSE,  AND  SYMPTOM  BOOK. 
Containing  the  Doses  and  Uses  of  all  the  PrincipalArticles  of  the  Materia 
Medica,  and  Original  Preparations;  A  Table  of  Weights  and  Measures, 
Rules  to  Proportion  the  Doses  of  Medicines,  Common  Abbreviations 
used  in  Writing  Prescriptions,  Table  of  Poisons  and  Antidotes,  Classifi- 
cation of  the  Materia  Medica,  Dietetic  Preparations,  Table  of  Symptom- 
atology, Outlines  of  General  Pathology  and  Therapeutics,  &c.  The 
Eleventh  Revised  Edition.  Price,  in  cloth,  $1.25:  in  leather,  tucks, 
with  pockets,  .         .         .         .         .         .         .         .         .$1.50 

This  manual  has  been  received  with  much  favor,  and  a  large  number  of  copies  sold.  It 
was  compiled  for  the  assistance  of  students,  and  as  a  vade  raecum  for  the  general  practitioner, 
to  save  the  trouble  of  reference  to  larger  and  more  elaborate  works.  This  edition  has  under- 
gone a  careful  revision.  The  therapeutical  arrangement  of  the  Materia  Medica  has  been 
added,  together  with  other  improvements  of  value  to  the  work. 


WILKS  and  MOXON. 

LECTURES  ON  PATHOLOGICAL  ANATOMY.  By  Samuel 
Wilks,  M.D.,  F.R.S.,  Physician  to,  and  Lecturer  on  Medicine  at,  Guy's 
Hospital.  Second  Edition,  Enlarged  and  Revised.  By  Walter  Moxon, 
M.D.,  F.R.S.,  Physician  to,  and  late  Lecturer  on  Pathology  at,  Guy's 
Hospital.         ..........      $6.50 

WILSON  (erasmus),  F.R.S. 

HEALTHY  SKIN.     A  Popular  Treatise  on  the  Skin  and  Hair,  their 

Preservation  and  Management.     Seventh  Edition.  .  .     $1.25 
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WILSON  (george),  M.A.,  M.  D. 

Medical  Officer  to  the  Convict  Prison  at  Portsmouth. 

A  HANDBOOK  OF  HYGIENE  AND   SANITARY  SCIENCE. 

With  Engravings.     Second  Edition,  carefully  Revised. 

CONTEXTS. 

Chap.  1.  Introductory  —  Public  Health  aud  |  tage,  and   Contagious    Diseases 

Preventable  Disease.  Hospitals. 
"      2.  Food  —  Construction   of  Dietaries;     Chap.  10.  Removal   of   Sewage   and   Relit** 

Examination ;     Effects     of     Un-  Matter. 

wholesome  Food.                                      "  11.  Purification    and    Utilization    of 

"      3.  Air :  its  Impurities ;   Unwholesome  ,  Sewage. 

Trades.                                                        "  12.  Effects  of  Improved  Sewerage  and 

"      4.  Ventilation  and  Warming.  Drainage  on  Public  Health. 

"      5.  Examination  of  Air.                                    "  13.  Preventive     Measures;     Disinfec- 

"      6.  Water,  Waterworks,  Water  Analy-  tion;  Management  of  Epid 

"  14.  Duties     of     Medical    Officers    of 

"      7.  Effects  of  Impure  Water  on  Public  Health. 

Health.  APPENDIX   I.       Excerpts  from  the  various 

"      8.  Dwellings,      Structural      Arrange-  '  Public  Health  and  Sanitary  Acts. 

ments.  Dwellings  of  the  Poor.           II.  List  of  Analytical  Apparatus  and  Re- 

"      9.  Hospitals;   Plans  of  Pavilion,  Cot-  |  agents,  with  prices. 

Price     .......'....      $2.50 


WARD  (stephex  h.),  M.D.,  F.  R.  C.  P. 

Physician  to  the  Seaman's  Hospital,  &c,  &c, 

ON  SOME  AFFECTIONS  OF  THE  LIVER  and  Intestinal  Canal; 

with  Remarks  on  Ague  and  its  Sequelae,  Scurvy,  Purpura,  «Scc. 

Price     .  .  .  .  .  .  .  .  .  .  .      $3.00 

"Dr.  Ward's  bonk  is  of  a  purely  practical  character,  embodying  the  author's  experience, 
from  his  long  connection  as  physician  to  the  Seaman's  Hospital.  His  accurate  description 
of  the  sated  will  amply  repay  the  reader."  —  Dublin  Medical  Journal. 


WILSON  (erasmus),  F.  R.  C.  S.,  &c. 

CONTAINING  THREE  HUNDRED  AND  SEVENTY-ONE  ILLUSTRATION.-. 

THE  ANATOMIST'S  VADE  MECUM.  A  Complete  System  of 
Human  Anatomy.  The  Ninth  Revised  and  Enlarged  London  Edition. 
Edited  and  fully  brought  to  the  Science  of  the  day  by  Prof.  George 
Buchanan,  Lecturer  on  Anatomy  in  Anderson's  University,  Glasgow, 
with  many  New  Illustrations,  prepared  expressly  for  this  Edition. 
Price S5-5° 

WEDL  (carl),  M.D. 

P-  fessor  of  Histology,  &c,  in  the  University  of  Vienna 

DENTAL  PATHOLOGY.  The  Pathology  of  the  Teeth.  With 
Special  Reference  to  their  Anatomy  and  Physiol  gy.  First  American 
Edition,  translated  by  W.  E.  BoaKdman,  M.D.,  with  Notes  by  Thos. 
B.  Hitchcock,  M.D..  Professor  of  Dental  Pathology  and  Thera] 
in  the  Dental  School  of  Harvard  University,  Cambridge.  With  105 
Illustrations.        .  .  .      Price,  in  Cloth,  $4.50  ;   Leather.      $5.50 

This  work  exhibits  laborious  research  and  medical  culture  of  no  ordinary  character.     It 

j  the  entire  field  of  Anatomy,  Physiology,  and  Pathology  of  the  Teeth.    The  author, 

wedl,  bas  thoroughly  mastered  the  fmbfect,  using  with  great  benefit  to  the  book  the 

valuable  material  left  by  the  late  Dr.  Heider,  Prol  ><  ntal  Pathology  in  the  Dni- 

,  the  result  of  the  life-long  work  of  this  cminr.it  man. 


.      WOODMAN  and  TIDY. 

A  HANDY-BOOK  OF  FORENSIC  MEDICINE  AND  TOXI- 
COLOGY. By  W.  Bathurst  Woodman,  M.  D.  St.  And.,  Assistant 
Physician  and  Lecturer  on  Physiology  at  the  London  Hospital;  and  C. 
Meymott  Tidy,  M.A.,  M.B.,  Lecturer  on  Chemistry,  and  Professor  of 
Medical  Jurisprudence  and  Public  Health,  at  the  London  Hospital. 
With  numerous  Illustrations.     Preparing. 

WELLS  (j.  scelberg), 

Ophthalmic  Surgeon  to  King's  College  Hospital,  &c. 

TREATISE  ON  THE  DISEASES  OF  THE  EYE.  Illustrated  by 
Ophthalmoscopic  Plates  and  numerous  Engravings  on  Wood.  The 
Third  London  Edition.     Cloth,  $5.00;  leather         .         .  .     $6.00 

This  is  the  author's  own  edition,  printed  in  London  under  his  supervision,  and  issued  in 
this  country  by  special  arrangement  with  him. 

SAME  AUTHOR. 

ON  LONG,  SHORT,  AND  WEAK  SIGHT,  and  their  Treatment 
by  the  Scientific  Use  of  Spectacles.  Third  Edition  Revised,  with  Ad- 
ditions and  numerous  Illustrations.     Price       .  .         .  .     $3.00 

WRIGHT  (henry  g.),  M.D., 

Member  of  the  Royal  College  of  Physicians,  &c. 

ON  HEADACHES.  Their  Causes  and  their  Cure.  From  the  Fourth 
London  Edition.      121110.     Cloth.  .         .         .         .         .51.25 

The  author's  plan  is  simple  and  practical.  He  treats  of  headaches  in  childhood  and  youth, 
in  adult  life  and  old  age,  giving  in  each  their  varieties  and  symptoms,  and  their  causes  and 
treatment.  It  is  a  most  satisfactory  monograph,  as  the  merefact  that  this  is  a  reprint  of  the 
fourth  edition  testifies. 

WALTON  (haynes), 

Surgeon  in  Charge  of  the  Ophthalmic  Department  of,  and  Lecturer  on  Ophthalmic  Medicine  and  Surgery 

in,  St.  Mary's  Hospital. 

A  PRACTICAL  TREATISE   ON    DISEASES   OF   THE   EYE, 

Third  Edition.  Rewritten  and  enlarged.  With  five  plain,  and  three 
colored  full-page  plates,  numerous  Illustrations  on  Wood,  Test  Types, 
&c,  &c.      Octavo  volume  of  nearly  1200  pages.     Price  .  $9. 00 

WATERS  (a.  t.  h.),  M.D.,  F.R.C.P.,  &c. 

DISEASES  OF  THE  CHEST  Contributions  to  their  Clinical  His- 
tory, Pathology,  and  Treatment.  Second  Edition,  Revised  and  Enlarged. 
With  numerous  Illustrative  Cases  and  Chapters  on  Haemoptysis,  Hay 
Fever,  Thoracic  Aneurism,  and  the  Use  of  Chloral  in  certain  Diseases 
of  the  Chest,  and  Plates.     Octavo.     Price       .  .  .  .     $5.00 


WALKER   (ALEXANDER), 

Author  of  "  Woman,"  "  Beauty,"  &c. 

INTERMARRIAGE;  or,  the  Mode  in  which,  and  the  Causes  why, 
Beauty,  Health,  Intellect  result  from  certain  Unions,  and  Deformity, 
Disease,  and  Insanity  from  others.     With  Illustrations.      i2mo.     £1.50 


THE  LATEST  TEXT-BOOK 

ON  THE 

PRACTICE  OF  MEDICINE. 

Uniformly  Commended  by  tx.e  Profession  and  the  rresst 

A  HAND-BOOK  OF  THE  THEORY  AND  PRACTICE  OF  MEDI- 
CINE.    By  Frederick  T.  Roberts,  M.D.,  M.R.C.P.,  Assistant  Pro- 

i'essor  and  Teacher  of  Clinical  Medicine  in  University  College  Hospital, 
Assistant  Physician  in  Brompton  Consumptive  Hospital,  Ale,  &c. 
In  One  Volume,  Octavo,  of  over  1000  pages.     Price,  in  cloth       .     $5.00 

leather    .     80.00 
The  Publishers  are  in  receipt  of  numerous  letters  from  Professors  in  the  various  Med- 
ical Schools,  uniformly  commending  this  book;  whilst  the  following  extracts  Irani  the 
Medical  Press,  both  English  and  American,  fully  attest  its  superiority  and  great  value 
not  only  to  the  student,  but  also  to  the  busy  practitioner. 

This  is  a  good  book,  yea,  a  very  good  book.  It  is  not  so  full  in  its  Pathology  as  "  Aitken," 
so  charming  in  its  composition  as  "  Watson,"  nor  so  derisive  in  its  treatment  as  "  i  aimer ;  " 
but  it  is  more  compendious  than  any  of  them,  and  therefore  more  useful.  We  know  of  no 
other  work  in  the  English  language,  or  in  any  other,  for  that  matter,  which  competes  with 
this  one.  — Edinburgh  Medical  Journal. 

We  have  much  pleasure  in  expressing  our  sense  of  the  author's  conscientious  anxiety  to 
make  his  work  a  faithful  representation  of  modern  medical  beliefs  and  practice.  In  this  he 
has  succeeded  in  a  degree  that  will  earn  the  gratitude  of  very  many  students  and  practition- 
ers: it  is  a  remarkable  evidence  of  industry,  ex])erience,  and  research.  —  Practitioner. 

That  Dr.  Roberts's  book  is  admirably  fitted  to  supply  the  want  of  a  good  hand-book  of 
medicine,  so  much  felt  by  every  medical  student,  does  "not  admit  of  a  question. — Students' 
Journal  and  Hospital  Gazette. 

Dr.  Roberts  has  accomplished  his  task  in  a  satisfactory  manner,  and  has  produced  a  work 
mainly  intended  for  students  that  will  be  cordially  welcomed  by  them  ;  most  of  the  observa- 
tions on  treatment  are  carefully  written  and  worthy  of  attentive  study;  the  arrangement  is 
good,  and  the  style  clear  and  simple.  —  London  Lancet. 

It  contains  a  vast  deal  of  capital  instruction  for  the  student,  much  valuable  matter  in  it  to 
commend,  and  merit  enough  to  insure  for  it  a  rapid  sale. — London  Medical  Timesand  Gazette. 

There  are  great  excellencies  in  this  book,  which  will  make  it  a  favorite  both  with  the 
accurate  student  and  busy  practitioner.  The  author  has  had  ample  experience. — ffichmond 
and  Louisville  Journal. 

We  confess  ourselves  most  favorably  impressed  with  this  work.  The  author  has  performed 
his  task  most  creditably,  and  we  cordially  recommend  the  book  to  our  readers.  -  Canada 
Medical  and  Surgical  Journal. 

A  careful  reading  of  the  hook  has  led  us  to  believe  that  the  author  has  written  a  work 
more  nearly  up  to  the  times  than  any  that  we  have  seen  ;  to  the  student,  it  will  be  a  gift  of 
priceless  value.  —Detroit  Review  of  Medicine. 

Our  opinion  of  it  is  one  of  almost  unqualified  praise.  The  style  i<  clear,  and  the  amount  of 
useful  and,  indeed,  indispensable  information  which  it  contains  is  marvellous.  We  heartily 
recommend  it  to  students,  teachers,  and  practitioners.  —  l'><>,*t,,n  Med,  <n,d  Surgical  Journal. 

It  is  of  a  much  higher  order  than  the  usual  compilations  and  abstracts  placed  in  the  hands 
of  students.  It  embraces  manj  suggestions  and  hints  Prom  a  carefully  compiled  hospital 
experience ;  the  style  is  clear  and  concise,  and  the  plan  of  the  work  very  judicious. — Medical 
ami  Surgical  A'< porter. 

It  is  unsurpassed  by  any  work  that  has  fallen  into  our  hands  as  a  compendium  for  -indents 
preparing  for  examination.    It  is  thoroughly  practical  and  fully  up  to  the  times.     The  clinic. 

We  find  it  an  admirable  book.  Indeed,  we  know  of  no  hand-book  on  the  Bubject  just  now 

to  be  preferred  to  it.     We  particularly  i imend  it  to  students  about  to  enter  upon  the 

practice  of  their  profession.      St.  Louie  Medical  and  Surgical  Journal. 

If  there  is  a  hook  in  the  wlmlo  of  medical  literature  in  which  so  much  is  said  in  so 
few  Words,  it  has  never  come  within  our  reach.  Bo  clear,  terse,  and  pointed  is  the  style; 
so  accurate  the  diction,  and  so  varied  the  matter  of  (his  hook,  that  it  is  almost  a  dictionary 
of  practical  medicine.      Chicago  Medical  Journal. 

The  author's  >tyle  is  clear,  concise,  and  methodical.     Chicago  Medical  Examiner. 

Dr.  Roberts  has  given  us  a  work  of  real  value,  and  especially  for  the  use  of  students  is 
the  hook  a  good  one.       /.  meet  mid  Ohteroi  r. 


TROUSSEAU'S   CLINICAL    MEDICINE. 

COMPLETE. 
In  Two  Large  Eoyal  Octavo  Volumes. 

EMBRACING  ALL  THE  LECTURES  CONTAINED  IN  THE  FIVE 

VOLUME  EDITION  AS  ISSUED  BY  THE 

SYDENHAM  SOCIETY. 

Price,  handsomely  bound  in  cloth $10.00 

leather 12.00 

Lectures   on  Clinical   Medicine. 

Delivered  at  the  Hotel  Dieu,  Paris,  by  A.  Trousseau,  Professor  of  Clin- 
ical Medicma  to  the  Faculty  of  Medicine,  Paris,  &c,  &c.  Translated 
from  the  Third  Revised  and  Enlarged  Edition  by  P.  Victor  Bazire, 
M.  D.,  London  and  Paris ;  and  John  Rose  Cormack,  M.  D.,  Edinburgh, 
F.  R.  S.,  &c.     With  a  full  Index,  Table  of  Contents,  &c. 

Trousseau's  Lectures  have  attained  a  reputation  both  in  England  and  in  this  country  far 
greater  than  any  work  of  a  similar  character  heretofore  wi-itten,  and,  notwithstanding  but  few 
medical  men  could  afford  to  purchase  the  expensive  edition  issued  by  the  Sydenham  Soci- 
ety, it  has  had  an  extensive  sale.  In  order,  however,  to  bring  the  work  within  the  reach  of  all 
the  profession,  the  publishers  now  issue  this  edition,  containing  all  the  lectures  as  contained 
in  the  five-volume  edition,  at  one-half  the  price.  Below  are  a  few  only  of  the  many  favora- 
ble opinions  expressed  of  the  woik  : 

"  It  treats  of  diseases  of  daily  occurrence  and  of  the  most  vital  interest  to  the  practitioner. 
And  we  should  think  any  medical  library  absurdly  incomplete  now  which  did  not  have 
alongside  of  Watson,  Graves,  and  Tanner,  the  '  Clinical  Medicine '  of  Trousseau. 

"  The  work  is  full  of  the  results  of  the  richest  natural  observation,  and  is  the  production 
of  one  who  was  enlightened  enough  to  combine  with  new  methods  of  investigation  the  vigor- 
ous and  independent  ideas  of  the  old  physicians  whom  he  so  eloquently  magnifies.  It  is  an 
extremely  rich  and  valuable  addition  to  the  library  of  p  nysicians  and  practitioners  generally." 

—  London  Lancet. 

"  This  book  furnishes  an  example  of  the  best  kind  c  f  clinical  teaching.  It  deserves  to  be 
popularized.  We  scarcely  know  of  any  work  better  fi:ted  for  presentation  to  a  young  man 
when  entering  upon  the  practical  work  of  his  life.  The  delineation  of  the  recorded  cases  is 
graphic,  and  their  narration  devoid  of  that  prolixity  w/iich,  desirable  as  it  is  for  purposes  of 
extended  analysis,  is  highly  undesirable  when  the  object  is  to  point  to  a  practical  lesson." — 
London  Medical  Times  and  Gazette. 

"  The  publication  of  Trousseau's  Lectures  furnishes  medical  men  with  one  of  the  best 
practical  treatises  on  disease  as  seen  at  the  bedside.  The  conversational  style  adopted  by 
the  author  lends  animation  to  the  work,  and  the  translator  deserves  credit  for  having  so  well 
preserved  the  easy  and  ready  style  of  the  original."  —  British  and  Foreign  Medico-Chirur 
gical  Review. 

"  The  great  reputation  of  Prof.  Trousseau  as  a  practitioner  and  teacher  of  Medicine  in  all 
its  branches,  renders  the  present  appearance  of  his  Clinical  Lectures  particularly  welcome." 

—  Medical  Press  and  Circular. 

"  A  c'ever  translation  of  Prof.  Trousseau's  admirable  and  exhaustive  work,  the  best  book 
of  reference  upon  the  Practice  of  Medicine."  — Lndian  Medical  Gazette. 
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